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Despite over 3 decades of research into the problem, the aetlology of self-injunous 
behaviour (SIB) in children with developmental disabilities remains poorly understood. 
This thesis reviews research into the prevalence, aetiology and functional analysis of SIB 
and describes an original study which attempted to trace the early development of self- 
injurious behaviour in young children with developmental disabilities. This was done in 
order to establish characteristics which may put an individual "at risk", as well as to 
document the early environmental determinants of SIB. 
Following intensive screening of over 20 schools for children with severe learning 
disabilities, 17 children were identified under 10 years of age who had recently started to 
show SIB. These children were then matched to classroom controls (of the same ability 
level) and teachers and parents of both groups of children were interviewed about the 
child's behaviour and skills. The index children were then observed at 3-monthly intervals 
at school over the following 2 years. 3 children diagnosed with Lesch-Nyhan Syndrome 
were also identified and followed-up in a similar way. 
Results showed that the index group did not differ from the control group on the measures 
employed, indicating that current "risk markers" for SIB, suggested by surveys of 
individuals with more established self-injury, may not be adequate to identify those 
individuals most likely to develop SIB. For 4 of the index children, the self-injury had 
significantly escalated, whilst for the remaining children it had not done so. Using 
regression analysis, change in SIB was shown to be significantly associated with the degree 
of concern expressed about the behaviour at time 1. Indeed, data from the Motivation 
Assessment Scale and parent interviews also suggested that there may be environmental 
determinants to the development of SIB. Sequential analysis of the observational data 
confirmed that SIB had acquired a social function over time both in the index children and 
in the children with Lesch-Nyhan syndrome, supporting the predictions of operant models. 
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at time 1 and at subsequent follow-up observations for cases 5 to 8. 
Figure 9.11. Yule's Q values for the conditional probability of each environmental event 
preceding and following SIB calculated from the observational data collected 
at time 1 and at subsequent follow-up observations for cases 9 to 12. 
Figure 9.12. Yule's Q values for the conditional probability of each environmental event 
preceding and following SIB calculated from the observational data collected 
at time 1 and at subsequent follow-up observations for cases 13 to 16. 
Figure 9.13. Summary of the maintaining variables identified for SIB at each follow-up for 
each case using the conditional probability approach. 
Figure 9.14. Profiles of the probability of each environmental event preceding and 
following stereotypic behaviour calculated from the observational data 
collected at time 1 and at subsequent follow-up observations for child 1. 
Figure 9.15. Profiles of the probability of each environmental event preceding and 
following stereotypic behaviour calculated from the observational data 
collected at time 1 and at subsequent follow-up observations for child 2. 
Figure 9.16. Profile scores for the probability of each environmental event preceding and 
following stereotypic behaviour calculated from the observational data 
collected at time 1 and at subsequent follow-up observations for cases 1 and 
2. 
Figure 9.17. Summary of the maintaining variables identified for stereotypic behaviour at 
each follow-up for each case using the normalised and pooled approach. 
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Figure 9.18. Profiles of the probability of each environmental event preceding and 
following SIB calculated from the observational data collected at time 1 and at 
subsequent follow-up observations for child 1. 
Figure 9.19. Profiles of the probability of each environmental event preceding and 
following SIB calculated from the observational data collected at time 1 and at 
subsequent follow-up observations for child 2. 
Figure 9.20. Profile scores for the probability of each environmental event preceding and 
following SIB calculated from the observational data collected at time 1 and at 
subsequent follow-up observations for cases 1 and 2. 
Figure 9.21. Summary of the maintaining variables identified for SIB at each follow-up for 
each case using the normalised and pooled approach. 
Figure 9.22. Percentage duration of SIB (filled circles) and stereotypic behaviour (open 
circles) shown by the children with Lesch-Nyhan syndrome at each follow-up 
observation at school/nursery 
Figure 9.23. Percentage duration of demands (filled circles) and attention (open circles) 
received by the children with Lesch-Nyhan syndrome at each follow-up 
observation at school/nursery. 
Figure 9.24. Fitted regression lines for each individuals data by behaviour category. 
Figure 9.25. Yule's Q values for the conditional probability of each environmental event 
preceding and following stereotypic behaviour calculated from the 
observational data collected at time 1 and at subsequent follow-up 
observations for the children with Lesch-Nyhan syndrome. Note: Insufficient 
data were available for child 1. 
Figure 9.26. Summary of the maintaining variables identified for stereotypic behaviour at 
each follow-up for each child with Lesch-Nyhan syndrome. Note: insufficient 
data were available for child 1. 
Figure 9.27. Yule's Q values for the conditional probability of each environmental event 
preceding and following SIB calculated from the observational data collected 
at time 1 and at subsequent follow-up observations for the children with 
Lesch-Nyhan syndrome. 
Figure 9.28. Summary of the maintaining variables identified for SIB at each follow-up for 
each child with Lesch-Nyhan syndrome. 








Self-injurious behaviour (SIB) can be one of the most intransigent and distressing 
behaviours which carers for people with developmental disabilities, ever come across. 
Since 1960, there have been well over 1000 papers published on SIB in developmental 
disabilities, most of them constituting surveys of groups of people with developmental 
disabilities and SIB or single-case intervention studies. 
An excellent introduction to SIB (in all its complexity) is the video "Harry" (Research 
Press, 1980), a film about a 22-year old man with developmental disabilities who showed 
severe SIB. Further details about this case can also be found in Foxx & Dufrense (1984). 
Harry's SIB had begun when he was just two weeks old with his mother reportedly putting 
"cardboard mailing tubes" on his arms to prevent him from hitting his face. (This is, in fact, 
probably the earliest onset of SIB and use of restraints ever reported in the literature). 
Over the years, Harry had been placed in various institutions and had worn various types 
of arm splints, football helmets and even a "baseball catcher's mask" in order to prevent his 
SIB. Indeed, his SIB had permanently disfigured his nose, produced scarring on his arms 
and also interfered with his educational and recreational activities. Due to his prolonged 
use of splints, muscle wasting had also occurred, and Harry now wore "hinged" arm splints 
that allowed him limited movement of his anns. Interestingly, although Harry could still 
engage in SIB when he was wearing the splints, he would only self-injure either when he 
was asked to do something or when the splints were taken off his arms. Importantly, when 
the splints were taken off, he would sometimes "self-restrain" (i. e., he would wrap his arms 
in his clothing or hold on to other people), become very agitated and ask for the splints to 
be put back on. 
I Given that most of the research on SIB has been conducted in the U. S. A., the label "developmental 
disability" will be used throughout this thesis to refer to individuals often described as having "mental 
handicap", "mental retardation", learning disabilities" or similar such terms. Indeed, as Fryers (1993) has 
pointed out: 
"in Britain we have worked through'mental deficiency', 'mental subnormality', and'mental 
handicap' to 'people with learning difficulties. ' These are not intended to be scientific or even 
professional terms but we have suffered great confusion in the past by professionals and 
researchers adopting whatever the latest public label was and using it as though it represented a 
scientific category". (p. 104). 
The label "developmental disability" has been used consistently in the U. S. A., and although not 
representing a scientific category, it has the advantage in that it can also be used to describe individuals 
with a diagnosis of autism and other syndromes. 
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The video shows Harry, now an intimidating 6 foot six inches tall, undergoing treatment 
for his SIB with Dr. Richard Foxx, an American behavioural psychologist. In the first few 
sessions of the treatment, Harry is shown (without his arm splints on) either alone in a 
room or with Foxx asking him to complete simple tasks. Under these conditions, Harry 
engaged in SIB (in the form of nose punching, thigh slapping and biting) almost 
continuously throughout the sessions, accompanied by intense screarning and shouting. 
Remarkably, the video documents how Harry's SIB could, in fact, be controlled using 
some relatively simple procedures. Firstly, Foxx reasoned that, because Harry appeared to 
like wearing the arm splints, one way to reduce his SIB would be to take the splints away 
for a set period of time if Harry engaged in SIB. Another way would be to give the splints 
back to him, but only if he didn't engage in SIB. (This was probably the exact opposite of 
what Harry's care-staff had, in fact, been doing). Finally, if Harry was being asked to 
complete a task and he engaged in SIB, then Foxx decided to ensure that Harry completed 
the task (i. e., Harry was not allowed to use his SIB to "escape" from completing the task). 
It transpired that when these procedures were followed, SIB occurred less than 15% of the 
time. Harry's hinged arm splints were then replaced by smaller elbow pads and, in addition, 
he was required to wear a jumpsuit" (with the pockets sewn up) in order to prevent him 
from engaging in self-restraint. SIB now occurred less than 6% of the time. 
After a couple of weeks, Foxx had noticed that Harry didn't appear to need the elbow 
pads. Instead, Harry now preferred to hold a large plastic drinking cup in each hand. Foxx 
reasoned that by reducing the size of the cups each day, the cups could eventually be 
"faded" without Harry's SIB escalating. Indeed, after just 20 days, Foxx had "faded" the 
plastic cups so much so that Harry was holding just the rims of the cups, without his SIB 
increasing. The rims of the cups were then "substituted" by Foxx making Harry wear a 
wristwatch and then later by Harry himself choosing to wear a pair of spectacles. Harry 
was now able to participate in everyday tasks and even be taken out to restaurants for 
meals without showing SIB. Importantly, Harry's SIB was now virtually absent in other 
situations. 
The video clearly shows how SIB can be a distressing and somewhat paradoxical 
behaviour. For instance, why did Harry engage in behaviour that was so obviously painful? 
Why did he not just hit other people (as opposed to himself) in order to escape from doing 
tasks? Why did he not just ask people to help him with the tasks or tell them to leave him 
alone? Why did Harry engage in self-restraint? Why did he appear to like wearing the 
splints? Why did these procedures work and not the other ones that had previously been 
tried? How did Foxx know that these procedures would work? Why hadn't Harry's parents 
or care-staff worked this out for themselves years earlier? How had Harry's behaviour 
become so problematic in the first place?. 
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A case similar to Harry's was reported recently in Murphy, Oliver, Corbett et al. (1993). 
Dawn was a 23-year old woman who had profound developmental disabilities and also 
engaged in severe head punching. Like Harry, she had a long history of SIB but instead of 
wearing arm splints, she had chosen to wear large wooden "filters" on her wrists which, 
like Harry's splints, appeared to control her SIB, even though SIB was still possible (see 
Figure 8 of Murphy et al., 1993). If the filters were taken away, she would immediately 
become agitated, start to punch her head or wrap her arms in her clothing as a form of 
self-restraint. In a similar way to "Harry", a programme had been instigated whereby it had 
been planned to allow Dawn to wear the filters, but only if she didn't engage in SIB for a 
set period of time. It had also been planned to cut the size of the filters down so that 
ultimately they could be replaced by more acceptable objects such as bracelets. Unlike 
Harry's treatment programme however, the intervention had been unsuccessful. Despite 
gradually cutting the size of the filters to less than half their original size, Dawn had 
eventually engaged in unacceptably high levels of self-restraint and it was necessary to give 
"original-sized" filters back to her again. Other factors may also have contributed to the 
lack of success of the programme, such as Dawn's care-staff being unable to implement the 
programme correctly (amongst others) or Dawn's limited repertoire of other behaviours, 
which may have prevented her from gaining reinforcement in other ways. 
A second case reported in Murphy et al. (1993) was Keith, a 28 year old man who again 
had developmental disabilities and again showed severe head hitting and banging. 
Although Keith did not wear arm splints, he was required to wear a protective "ice 
hockey" helmet whenever his SIB was particularly frequent or dangerous. Interestingly, his 
SIB nearly always occurred when no-one was around, but whenever his care-staff could 
hear or saw him banging his head, they ah-nost invariably came over to comfort him. A 
programme was instigated whereby his care-staff were instructed not to comfort him when 
he engaged in SIB but rather to interact with him when he wasn't self-injuring. (Again, the 
exact opposite of what his care-staff had actually been doing). Over the first few weeks, 
Keith's SIB reduced quite dramatically and it appeared that the intervention was going to 
be successful. However, Keith then moved house and it soon became clear that his new 
care-staff felt unable to continue with certain parts of the programme. Consequently 
Keith's SIB escalated in frequency again and the programme could not be continued. 
It is clear from these more recent examples that, in practice, treatments for SIB can be 
somewhat more problematic to implement than Foxx's video suggests. Indeed, a survey 
conducted by Oliver, Murphy & Corbett (1987) (see Chapter 2) revealed that, in fact, only 
2% of people who showed SIB in one regional health authority were actually receiving 
behavioural treatments for their SIB. Slightly more depressing was the fact that 44% were 
receiving non-behavioural treatments (e. g., pharmacological treatments which appear to 
have little efficacy). Indeed, given the almost evangelical adoption of "gentle teaching" (an 
17 
Introduction 
unevaluated procedure involving , ignoring", redirecting" and "interrupting") in the U. K. 
over the last five years, the figure for people receiving non-behavioural treatments for SIB 
has probably increased substantially. 
In addition to the obvious social cost of SIB to the individuals concerned and to their 
families, the financial cost of SIB can also be substantial. For instance, although no 
estimates are currently available for the U. K., Schroeder, Bickel & Richmond (1986) 
estimated that in 1984 the U. S. spent around 2 billion dollars in direct care costs related to 
SIB. Since then, costs have most likely increased. It is clear then that the current strategy 
of conducting interventions only when SIB is severe or problematic may be expensive. 
What can be done to rectify this situation? 
One possibility is to adopt a preventative approach (i. e., to conduct interventions for SIB 
early on, before the behaviour has had time to become established in the person's 
repertoire). It is likely that behavioural interventions conducted early would be safer, more 
effective, and less costly to conduct. In terms of reducing the financial burden, Schroeder 
et al. (1986) estimated that by adopting a preventative approach to SIB, for instance, the 
U. S. could save about a billion dollars each year. 
It is somewhat surprising then, that 10 years later, a preventive approach has yet to get off 
the ground. Possibly, one of the main reasons for this is that despite well over 3 decades of 
research into the phenomenon of SIB in individuals with developmental disabilities, 
surprisingly little is known about why SIB first appears and develops into a significant and 
intransigent problem for some people. Whilst research into the problem has undoubtedly 
grown rapidly over the last 30 years, virtually all published research has investigated SIB 
at a single point in time. It is possibly for this reason alone that SIB remains such a poorly 
understood behaviour. An investigation into the development of SIB over time is 
important not only to determine why the behaviour develops (and possibly to aid the 
understanding of other difficult behaviours) but more importantly, because it is likely to 
benefit the development of early interventions for SIB. 
1.1. The definition of SIB 
Before proceeding however, it is important to determine precisely what we mean by the 
term "self-injurious behaviour". Given the preceding discussion, one would think that the 
definition of SIB would be so obvious that it would have been agreed upon long ago. 
Surprisingly, this is not the case. A cursory scan of the literature over the past thirty years 
reveals the extent to which researchers and clinicians alike have tended to disagree on 
which behaviours should be called "self-injurious". Indeed, difficulties of definition can be 
traced back to the labelling of the behaviour itself. For instance, in the early 1960s, the 
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labels "self-mutilation", "self-destructive behaviour" and SIB were often used 
interchangeably in the literature, sometimes even in the same article. Other labels such as 
"autoaggression", "malingering", "masochism", "symbolic wounding" "parasuicide" and 
"purposive accidents" have also been used to describe SIB (see Ross & McKay, 1979). 
Whilst the first incidence and prevalence studies to appear in the literature (see Chapter 2) 
employed the label "self-mutilation" (e. g., Phillips & Alkan, 1961; Green, 1967; Shodell & 
Reiter, 1968; Smeets, 197 1) the label "self-injurious behavior" has since been preferred by 
most researchers following the appearance of an article by Tate & Baroff (1966) who 
stated: 
"The present authors prefer the term self-injurious behavior because it is more 
descriptive and less interpretative. Self-injurious behavior (SIB) does not imply an 
attempt to destroy, nor does it suggest aggression; it simply means behavior which 
produces physical injury to the individual's own body. Typically SIB is composed 
of a series of self-injurious responses (SIRs) that are repetitive and sometimes 
rhythmical, often with no obvious reinforcers, and therefore similar to stereotyped 
behavior. Common types of SIB are forceful head-banging, face slapping, punching 
the face and head, and scratching and biting one's body. " (Tate & Baroff, 1966 
p. 28 1). , 
Clearly, this description focuses on the result of the behaviour (i. e., the physical injury it 
produces), an objective criterion, and away from any implication as to its cause. 
Importantly, Tate & Baroff s (1966) definition also includes a list of example topographies 
(e. g., "forceful head-banging"). As Rojahn (1994) has pointed out, such "specific" 
definitions are likely to be more reliable than "global" definitions (where example 
topographies are not included), stating: 
"[A] single, generic term is expected to capture reliably topographies that are as 
discrepant as self-biting and self-induced vomiting, to exclude behaviors that 
typically are not considered SIB although somebody may argue that they ought to 
be (e. g., nicotine consumption), and to provide clarification about behaviors that 
have proven to be controversial as to whether they do or do not constitute SIB 
(e. g., pica). " (p. 49-50). 
Indeed, Rojahn (1994) has suggested that there is, in fact, very little evidence to justify 
"global SIB assessment". Another important point to note about the Tate & BarOff (1966) 
definition is their statement that SIB is "rhythmical" and "repetitive" and therefore "similar 
to stereotyped behaviour". Indeed, Murphy & Wilson (1985) have pointed out that SIB 
has been notoriously difficult to define, precisely because of its topographical similarity to 
stereotypic behaviour. Perhaps because of this, it is important to consider what we mean 
by the term "stereotypic behaviour" before going on to define precisely what we mean by 
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the term SIB. However, similar difficulties in defining stereotypic behaviour have also been 
encountered. 
For instance, Berkson (1983) has pointed out that: 
"These behaviours are called "blindisms", "autisms" and self- stimulatory or 
stereotyped movements, depending on who is using the name. For our purposes, 
refer to them simply as "stereotyped behaviours" since that term has no surplus 
meaning. " (p. 240). 
Berkson (1983) suggested that any "useful" definition of stereotypic behaviour should 
include the following features, namely; its lack of variability, its relatively long time in the 
repertoire, its "inappropriateness", and its voluntary and repetitive nature. On this basis, 
Berkson (1983) defined stereotypic behaviour as: 
"immature voluntary behaviours in the repertoire for a long time and out of 
synchrony with "normal" development, whose patterns tend to be unresponsive to 
environmental change. " (p. 240). 
Such a definition does not necessarily differentiate stereotypy from SIB however since 
most forms of SIB could also be encompassed in the definition. Berkson (1983) did 
however try to distinguish stereotypic behaviour from the "fixed action patterns" often 
described in animals (e. g., "complex grooming patterns" and "locomotion") and the 
repetitive behaviours often found in infancy (e. g., object play). However, no criteria were 
put forward as to how this may best be achieved. 
Baumeister (1978) defined stereotypic behaviour as: 
"highly consistent and repetitious motor behaviour or posturing responses which 
are excessive with respect to rate, frequency and/or amplitude and which do not 
appear to posses any adaptive significance. " (p. 354). 
However, Baumeister (1978) also pointed out the problems associated with such a 
definition. For instance, he pointed out that many stereotypic behaviours also occur in 
"normal" repertoires, e. g., rocking, leg swinging and hair twirling, often for a variety of 
reasons. Further, some of the behaviours may in fact be essential for "normal" cognitive, 
perceptual and motor development. 
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Given the difficulties of defining both behaviours, it is instructive to note that in the most 
recent edition of The Diagnostic and Statistical Manual ofMental Disorders (DSM-IV, 
American Psychiatric Association, 1994), SIB and stereotypic behaviour are classified 
under the same diagnostic category, namely Stereotypic Movement Disorder. The 6 
classification criteria, as they appear in DSM-IV, are shown below in Figure 1.1. 
Diagnostic criteria for 307.3 Stereotypic Movement 
Disorder 
A. Repetitive, seemingly driven, and nonfunctional motor behavior (e. g., 
hand shaking or waving, body rocking, head banging, mouthing of 
objects, self-biting, picking at skin or bodily orifices, hitting own body). 
B. The behavior markedly interferes with normal activities or results in 
self-inflicted bodily injury that requires medical treatment (or would 
result in an injury if preventive measures were not used). 
If Mental Retardation is present, the stereotypic or self-injurious behavior 
is of sufficient severity to become a focus of treatment. 
D. The behavior is not better accounted for by a compulsion (as in 
Obsessive-Compulsive Disorder), a tic (as in Tic Disorder), a stereotypy 
that is part of a Pervasive Developmental Disorder, or hair pulling (as 
in Trichotillomania). 
E. The behavior is not due to the direct effects of a substance 
or a general medical condition. 
F. The behavior persists for 4 weeks or longer. 
Specify if: 
With Self-injurious Behavior: if the behavior results in bodily damage 
that requires specific treatment (or that would result in bodily damage if 
protective measures were not used) 
Figure 1.1. DSM-IV diagnostic criteria for stereotypic behaviour and SIB. 
Here, "with self-injurious behaviour" is specified only if the behaviour produces tissue 
damage requiring treatment. A rather surprising aspect of the definition is the statement 
that certain forms of SIB such as headbanging may be considered "nonfunctional motor 
behavior" (see Chapter 4). Indeed, Tate & Baroff (1966) perhaps more cautiously included 
in their definition the statement that SIB may often have "no obvious reinforcers", thus 
allowing for the fact that SIB may be functional (although the function may be difficult to 
identify). 
DSM-IV also lists 5 "exclusionary criteria" to distinguish the type of SIB shown by 




"factitious disorder with predominantly physical signs and symptoms" where "the 
motivation of the self-injury is to assume the sick role". 
2. "self-mutilation with certain psychiatric disorders and personality disorders" (which 
are "premeditated, complex, and sporadic and has a meaning for the individual within 
the context of the underlying, severe mental disorder e. g., is the result of delusional 
thinking"). 
3. "involuntary movements associated with neurological conditions" (such as 
Huntington's disease which "usually follows a typical pattern, and the signs and 
symptoms of the neurological condition are present"). 
4. "developmentally appropriate self-stimulatory behaviors in young children" (e. g., 
thumb sucking, rocking, and head banging which "are usually self-limited and rarely 
result in tissue damage requiring treatment". 
5. "self-stimulatory behaviors in individuals with sensory deficits" (e. g., blindness, which 
"usually do not result in dysfunction or in self-injury") (p. 120-12 1). 
Thus DSM-IV excludes behaviours shown by individuals with psychiatric and neurological 
conditions, developmentally appropriate behaviour and that shown by blind individuals. 
Similar criteria for SIB are also presented in The ICD-10 Classification ofMental and 
Behavioural Disorders (World Health Organization, 1993), again listed under 
"stereotyped movement disorders". The 3 criteria are: 
A. The child exhibits stereotyped movements to an extent that either causes physical injury 
or markedly interferes with normal activities. 
B. Duration of the disorder is at least one month. 
C. The child exhibits no other mental or behavioural disorder in the ICD- 10 classification 
(other than mental retardation). 
In addition though, the ICD- 10 classification distinguishes between "non-injurious 
behaviours" such as body-rocking, head-rocking, hair-plucking, hair-twisting, finger- 
flicking mannerisms, and hand-flapping and "injurious behaviours" such as repetitive head- 
banging, face-slapping, eye-poking, and biting of hands, lips or other body parts. 
Interestingly, behaviours such as nail-biting, thumb-sucking and nose-picking are not 
included in the definition on the grounds that they are "not good indicators of 
psychopathology, and are not of sufficient public health importance to warrant 
classification" (p. 289). 
As Romancyck, Lockshin & O'Connor (1992) have pointed out another important 
distinction between the type of SIB shown by individuals with developmental disabilities 
and that shown by other populations may be whether or not a "cost-benefit balance" for 
the behaviour can be identified. Thus, Romancyck et al. (1992) argue that, since the cost- 
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benefit balance of engaging in "health-risk behaviour" such as smoking, excessive alcohol 
consumption and overeating (which has beneficial short-term but detrimental long term 
consequences) can usually be identified, these behaviours should not be considered SIB. 
Similarly, since the cost-benefit balance of "self-mutilation" (such as cutting, burning and 
piercing parts of the body) shown in various cultures, religious groups or psychiatric 
populations can also be identified, this again, does not constitute SIB. However, in 
individuals with developmental disabilities, the cost-benefit balance cannot usually be 
identified. It is for this reason alone, Romancyck et al. (1992) argue, that these behaviours 
should be considered SIB. 
Fee and Matson (1992) have suggested that certain forms of SIB appear to lie on a 
continuum (from "mild forms" to "most severe forms") with particular topographies being 
grouped according to the severity of each response. The "continuum" is shown below in 
Figure 1.2. 
MILD FORMS MOST SEVERE FORMS 
iiii6i 
- Head rubbing - Finger sucking - Thigh slapping - Eye poking - Chronic rumination 
- Occasional contact - Nail picking - Or if ice poking Hair pulling - Frequent arm biting 
with surface when 
r ocki ng Self-scratching - Violent head banging 
- Self -pinching 
Figure 1.2. Continuum of self-injurious responses, (from Fee & Matson, 1992). 
Here, it can be seen that "mild fonns" of SIB include "head rubbing" and "occasional 
contact with surface when rocking" whilst "most severe forms" include "chronic 
rumination", "frequent arm biting" and "violent head banging". However, it remains 
unclear how it can be judged that frequent arm biting is more severe than orifice poking 
(both could produce tissue damage). In addition, "occasional contact with surface when 
rocking" may cause extreme damage if the surface just happened to be a sharp comer of a 
table for example. 
In a similar vein, Stanley, Winchel, Molcho et al. (1992) have argued that behaviours such 
as suicide, self-mutilation and trichotillomania (hair-pulling) lie along a continuum of "self- 
harm", each having in common an underlying serotonergic dysfunction (see Chapter 3). 
Similarly, Jones (1987) has suggested that topographies of SIB can be classified according 
to their frequency of occurrence. Here, Jones (1987) argues, if the SIB occurs more than 
10 times an hour then it should be labelled "stereotyped SIB" because in such high rate 
behaviour "antecedent events are more difficult to classify". Low rate SIB (i. e., behaviours 
which occur less than 10 times an hour), Jones (1987) contends, should be labelled it self- 
aggression" since it "has a more obvious adaptive function for the patient". Clearly, 
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however this notion runs contrary to many published case reports in the literature where 
functions for high rate SIB have been determined (see Chapter 4). 
Fee & Matson (1992) have suggested that definitions of SIB should have the following 
four "dimensions", namely specification of: 
1. the body part(s) involved, 
2. the motor acts required to perform the behaviour, 
3. the potential for damage 
4. the seriousness of damage that might occur. 
In addition, from a review of the literature, they have suggested that future definitions of 
SIB should contain the following 13 elements, namely: 
1. physical injury, 
2. direct or indirect injury, 
3. repetitiveness, 




8. increases with agitation, 
9. response to treatment, 
10. concern to caregivers, 
11. body part involved, 
12. motor movement required and 
13. intelligence level of individual. 
stating that from the criteria, "a more precise and comprehensive definition may emerge". 
It is unclear, however, how Fee & Matson (1992) derived these criteria. 
Schroeder, Mulick & Rojahn (1980) have pointed out that the term SIB: 
"connotes behaviour whose undesirability appears to be self-evident. By defining it 
in this way, the justification for treatment (even 'suppression') seems inherent. " (p. 
419) 
However, use of the label "self-mutilation" for example, could equally be considered 
"undesirable" and grounds for treatment. Interestingly, the term "self-mutilation" is still 
employed to describe the behaviour of individuals in psychiatric and prison populations. 
The different labels would thus appear to be a useful starting point in distinguishing 
between the two types of behaviours. 
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Indeed, it has also been suggested that "self-mutilation" shown by individuals in psychiatric 
hospitals or prisons is somehow "deliberate" or "intentional" whereas this quality is absent 
in the self-injury shown by people with developmental disabilities. Ross and McKay (1979) 
highlight the difficulties surrounding this interpretation: 
"The difference between a self-harming act committed by an individual with limited 
understanding of anatomy, limited common sense, poor judgement, poor motor 
skills, or simple bad luck and a similar act perpetrated by an individual who 
deliberately intends to injure himself highlights the difficulty in attempting to 
classify or diagnose self-injurious behaviour. Two different labels (self-mutilation 
and accidental injury) may be applied to the same response. " (p. 33-34). 
Similarly, Schroeder et al. (1980) have stipulated that "intentional" or "wilful" acts should 
not be labelled self-injurious but rather as "suicidal gestures", "self-neglect", "self- 
destructive behavior", "self-mutilation" or "masochistic behavior". A similar issue is raised 
when the term "accidental" is employed in definitions of SIB. For example, several studies 
can be found in the literature that exclude cases if the SIB appeared "accidental" (e. g., 
Green, 1967; Shodell & Reiter, 1968; Ballinger, 197 1; Maurice & Trudel, 1982; Oliver et 
al. 1987). This criterion can be crificised however, since the term "accidental" implies that 
the act was unintentional. Precisely how one can determine whether or not a behaviour 
was "accidental" or not is unclear. Thus, on the one hand, researchers have sought to 
exclude those individuals whose self-injury is intentional (deliberate) and on the other 
sought to exclude those whose behaviour is unintentional (accidental). Inclusion of 
Durand's (1986) "functional intent" definition (described in Chapter 3) in future studies 
may be usefully employed to clear up this confusion. This discussion shows however that it 
is probably best to avoid such vague terms in definitions of SIB. 
As an aid to classification, Schroeder, Schroeder, Smith & Dalldorf (1978) have suggested 
employing four SIB "parameters" in future research, namely, "frequency, duration, 
intensity, and sequence". Murphy and Wilson (1985) have suggested, although not 
explicitly stated in their definition, that difficult-to-classify behaviours should be 
considered self-injurious if they are dangerous enough to warrant treatment, despite 
variations in their parameters. For instance, they suggest that "uncontrollable climbing" 
and "ruminative vomiting" (both of which can be life-threatening), can be considered self- 
injurious simply because both behaviours are dangerous to the individual concerned and 
therefore require treatment. 
On the basis of reviewing "hundreds" of case reports Ross and McKay (1979) found that 
they could classify SIB into one of 2 types, "direct" and "indirect" SIB. Figure 1.3 below 
shows their classification system. 
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Direct Self-Injurious Behavior: Indirect Self-Injurious Behavior: 
Self-Mutilation 
The link between the behavior(s) and The link between the behavior(s) and 
damaging consequence(s) to the body damaging consequence(s) to the body 
is lemporally immediate and unequivocal. is temporally remole and equivocal. 
Types Examples 
Cutting Obesity 
Biling Alcohol abuse 
Abrading Smoking 
Severing Drug abuse 
Inserting Glue sniffing 
Burning Refusing medical treatment 
Ingesting or inhaling Maceration 
Hitting 
Constricting 
Figure 1.3 Ross & McKay's (1979) classification of SIB. 
Here, Ross & McKay (1979) consider SIB to be "direct" if the consequence of SIB is 
"temporally immediate and unequivocal", suggesting that by using their 9 "direct" SIB 
types, most cases of SIB described in the literature can be classified "with a high degree of 
reliability". However, they do point out that their categories are not entirely mutually 
exclusive (i. e., the behaviours of some individuals may require the use of more than one 
category). 
In summary, it is clear that determining precisely what we mean by the term "self-injurious 
behaviour" is problematic. As Rojahn (1994) has pointed out, "SIB consists of a very 
heterogeneous group of behaviors". However, a variety of factors such as the "cost-benefit 
balance" have been put forward to distinguish between the type of SIB shown by 
individuals with developmental disabilities and that shown by other groups. It seems that at 
this point in time it would appear premature to exclude behaviours on the basis of 
topography alone. Given that behaviours labelled "self-injurious" and "stereotypic" are also 
difficult to distinguish, it seems prudent at this point not to separate them. In addition, 
models of the development of SIB have suggested that SIB may develop from stereotypic 
behaviours (see Chapter 5). Throughout this thesis therefore, studies will be reviewed 
which have used either or both terms. This thesis then, will review research into the 
prevalence, aetiology, and functional analysis of SIB, and will review several theoretical 
models of SIB. An original study which has attempted to trace the early development of 
self-injunous behaviour in young children with developmental disabilities will then be 
described. This study was intended to establish characteristics which may put an individual 
"at risk" for SIB, as well as to document the early environmental determinants of SIB. It is 
hoped that the study will provide important information to clinicians conducting 
interventions for SIB and will highlight the necessity of conducting interventions before 




Epidemiology of stereotypic behaviour and SIB. 
Introduction 
In comparison to other types of research, surprisingly few epidemiological studies of SIB 
have appeared in the literature over the past 30 years (Romancyck, 1986). Fewer still have 
been concerned with stereotypic behaviour. This is unfortunate given that epidemiological 
evidence can be useful not only to determine the extent of the problem concerned but also 
(and most relevant to this study) to provide an assessment of the "risk" of incurring the 
problem (Abramson, 1994). This is achieved by the appraisal of "risk factors", (i. e. 
variables found to be highly associated with the occurrence of the problem). 
The term "risk factor" is often, in fact, used rather loosely in the literature. Thus, to cite 
The Dictionwy ofEpidemiology (Last, 1988): 
Risk Factor. An aspect of personal behaviour or lifestyle, an environmental exposure, or an inborn or 
inherited characteristic, which on the basis of epiderniologic evidence is known to be associated with 
health-related condition(s) considered important to prevent ... [having] any of the following meanings: 
1. An attribute or exposure that is associated with an increased probability of a specified outcome, 
such as the occurrence of a disease. Not necessarily a causal factor. A risk marker. 
2. An attribute or exposure that increases the probability of occurrence of disease or other specified 
outcome. A determinant. 
3. A determinant that can be modified by intervention, thereby reducing the probability of 
occurrence of disease or other specified outcomes. To avoid confusion, it may be referred to as a 
modifiable risk factor. 
Abramson (1994) reserves the term "risk factor" only for those variables that are known to 
be causal (i. e., that increase the risk). Those that merely point to an increased risk are 
therefore termed "risk markers". 
Although also of fundamental importance to epidemiology, the distinction between the 
terms incidence and prevalence is not always fully appreciated in the literature. Thus, the 
study conducted by DeLis sovoy (196 1), although entitled "Head banging in early 
childhood :a study of incidence" is, in fact, a prevalence study. Incidence refers to "the 
number of instances of illness commencing, or of persons falling ill, during a given period 
in a specified population". Prevalence, on the other hand, refers to "the number of 





Number of new events (e. g. new cases of a disease 
Incidence within a specified period of time X 100 Number of persons exposed to risk 
during this period 
The total number of all individuals who have an attribute or disease 
Prevalence at a particular time (or during. a particular period )x 100 
The population at risk of having the attribute or disease 
at this point in time or midway through the period 
Although prevalence usually refers to the situation at a point in time (also termed, point 
prevalence), as can be seen from the equation above, it can also refer to the situation over 
a particular period of time, (e. g., 6 months, also termed period prevalence). In fact, the 
terms annual prevalence (i. e., "the total number of persons with the disease or attribute at 
any time during a year") and lifetime prevalence (i. e., "the total number of persons known 
to have had the disease or attribute for at least part of their life") are also not uncommon in 
the epidemiological literature (Last, 1988). Thus, although a point prevalence rate will 
include only those cases "With the disease or attribute" at a given point in time, an annual 
prevalence rate will include cases arising before, extending into or through the year as well 
as any new cases starting during the year. Annual prevalence, therefore, represents a 
hybrid of incidence and prevalence, being the sum of the initial point prevalence and the 
subsequent incidence (Kramer, 1988). 
Employing the above definitions, the majority of epidemiological studies on stereotypic 
behaviour and SIB published over the last 30 years can be classified as studies of 
prevalence. Presumably, few incidence studies have been conducted because they are more 
costly in terms of both time and resources to conduct than prevalence studies. This is 
unfortunate however, given that, in comparison to incidence rates, prevalence rates cannot 
generally be used as indicators of risk (Abramson, 1994). This is because, Ma prevalence 
study, by determining what exists at a particular point in time (or period), the investigator 
cannot be certain whether variables associated with the condition preceded the appearance 
of the condition or not (the "cart-or-horse" problem). Prevalence studies are thus also 
termed non-directional studies. By contrast, in an incidence study, by determining what 
happens over time, "cause" and "outcome" variables are observed in the correct temporal 
sequence. Incidence studies are thus also termed directional studies allowing indicators of 
risk to be assessed. 
In the absence of incidence data, differences between prevalence rates can occasionally be 
used as indicators of risk, particularly so when the chronicity of the condition under 
investigation is short-term (see Abramson, 1994). This is because, in short-term 
conditions, the numerator in the prevalence equation will include mainly new cases arising 
during the specified period of time (c. f., the numerator of the incidence equation) and 
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relatively few individuals with the condition already established. Therefore, prevalence is 
likely to reflect incidence. The inter-relationship between incidence and prevalence can, in 
fact, be expressed as follows: 
Prevalence oc Incidence x Chronicity 
i. e., prevalence is proportional to the product of incidence and chronicity (Kramer, 1988). 
Thus, as incidence and/or chronicity increases, so does prevalence. 
Few studies have, however, investigated the chronicity of stereotypic behaviour and SIB, 
the most informative study being that of Schroeder et al. (1978). Here, three independent 
prevalence surveys were conducted over a3 year period in a "state facility" in the U. S. A.. 
Although the point prevalence of SIB, calculated at each of the three surveys, remained 
relatively stable (around 10%, suggesting SIB was chronic in these individuals), in fact, 
90% of the individuals identified "changed status" between surveys (i. e., they either 
"remitted their SIB spontaneously", improved as a result of "behaviour modification 
programmes designed to control SIB" or worsened). Interestingly, individuals whose SIB 
was considered "severe" had shown the behaviour for 11.6 years on average whereas those 
individuals whose SIB was considered "mild" had shown the behaviour for only 6.8 years 
on average (Schroeder et al. 1978). A follow-up study (conducted two years later) of the 
"severe" cases (N = 52) indicated that all but two of the individuals still showed SIB 
(Schroeder et al. 1986). 
Three independent surveys were also conducted in an institution in Sweden over a 13 year 
period (Windahl, 1988). Again, although "high and stable levels" of SIB were found in all 
3 surveys, "high frequency" SIB had declined from 40% to 10%, suggesting that SIB had 
generally improved over time. Finally, from the results of a total population study 
conducted in England, those individuals whose SIB was considered "severe" (requiring the 
application of protective devices) were found to have shown the behaviour for 14 years on 
average (Murphy, Oliver, Crayton & Corbett, 1988). When these individuals were 
followed-up 2.2 years later on average, "little change in SIB" was found, suggesting the 
behaviour was chronic. This data compares favourably to that reported in Schroeder et al. 
(1986). 
Given that investigations into the chronicity of SIB have produced mixed results, it is 
perhaps unclear at this time whether, in the case of SIB, prevalence reflects incidence and 
therefore whether prevalence rates can be useful indicators of risk. Bearing this in mind, 
the following review will focus on 47 studies, published between 1928 and 1995, 
concerning stereotypic behaviour and SIB in children and adults with developmental 
disabilities and in children without developmental disabilities (including one study 
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involving children with visual impairments only). Many of the studies have been subjected 
to similar recent reviews, most notably so by Johnson and Day (1992) and Oliver (1991, 
Ph. D thesis). Table 2.1. below shows the number of studies conducted in each of the 
groups by type of behaviour investigated. 
Table 2.1. Number of studies conducted investigating the prevalence of stereotypic behaviour and 
SIB by type of population. 













It can be seen from Table 2.1. that the majority of studies published over the last 70 years 
have investigated the prevalence of SIB in individuals with developmental disabilities. 
2.1. Prevalence of stereotypic behaviour and SIB in children and adults 
with developmental disabilities 
Table 2.2. shows the various methodological aspects and results of the studies involving 
stereotypic behaviour and SIB in children and adults with developmental disabilities. 
Here it can be seen that, at first glance, prevalence rates for both stereotypic behaviour and 
SIB appear surprisingly heterogeneous. Of the 35 studies published, prevalence rates for 
stereotypic behaviour have been reported from 5.8% (Jacobson, 1982) to 69% (Kauftnan 
& Levitt, 1965), with prevalence rates for SIB being reported from 1.1% (Matin & 
Rundle, 1980) to 65.9% (Rojahn, 1984). Although the range of prevalence rates reported 
for the two behaviours appears rather similar, in fact, prevalence rates for stereotypic 
behaviour are generally higher, on the whole, than rates reported for SIB. This can also be 
seen from the results of eight studies, shown in Table 2.3 below, that reported prevalence 
rates for both behaviours. 
Table 2.3. Comparison of prevalence rates between stereotypic behaviour and SIB in 8 studies 
reporting rates for both behaviours. 
Study Prevalence of Prevalence of SILB (%) 
stereotypic behaviour 
Corbett (1975) 34 13 
Eyman & Call (1977) 25.5 15.2 
Ando & Yoshimura (1978) 23.4 15.4 
Jacobson (1982) 5.8 8.2 
Reid et al. (1984) 42 22 
Hill & Bruininks (1984) 33.6 17.6 
Kiernan & Kiernan (1994) 3.7 4.7 
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It can be seen from Table 2.3 that higher prevalence rates for stereotypic behaviour were 
reported in six of the studies. Again, however, prevalence rates between the studies are 
surprisingly heterogeneous. As can be seen from Table 2.2., inconsistencies in the 
reporting of the definition, the topographies included, the study population, the method of 
data collection etc. may each have effects on the overall results of the studies. The 
influence of these factors will therefore be examined in the following sections. 
2.1.1. Definition of stereotypic behaviour and SIB 
A definition was included in six of the studies investigating the prevalence of stereotypic 
behaviour and in nineteen of the studies concerning SIB. Of the studies investigating the 
prevalence of SIB, definitions have appeared to follow particular trends. For example, the 
earlier prevalence studies (pre- 1977) adopted the labels "self-destructive behaviour", " self- 
mutilation" or "autoplectic behaviour" (Green, 1967; Ballinger, 1971; Van Velzen, 1973) 
with which to describe the behaviour, often emphasising its "painful" nature. Generally, 
definitions appearing in later studies followed the definition of Tate & Baroff (1966), 
focusing on the result of the behaviour itself (i. e., the physical injury it produced), an 
objective criterion, rather than on any implication as to its cause. Some studies also 
emphasised the frequency or repetitiveness of the behaviour (Ballinger, 1971; Maisto, 
Baumeister & Maisto, 1978; Maurice & Trudel, 1982; Rojahn, 1986; Oliver et al. 1987). 
The criterion of "tissue damage" first appeared in Schroeder et al. (1978) generally being 
adopted by most researchers in later studies. Some studies employed broader criteria, 
considering those cases whose SIB, although not necessarily producing immediate tissue 
damage, would be likely to do so, if the behaviours were to continue unabated (Rojahn, 
1986; Griffin, Williams, Stark et al., 1986). Several studies also included only those cases 
whose SIB was judged to be "non-accidental" (Green, 1967; Shodell & Reiter, 1968; 
Ballinger, 197 1; Maurice & Trudel, 1982; Oliver et al., 1987). More recently, studies 
have begun to acknowledge that individuals should also be considered whose SIB is 
restricted or prevented by environmental or chemical means. The first definition of this 
type appeared in Maurice & Trudel (1982). 
That differences in the definition of SIB can affect the subsequent prevalence figure, can 
be clearly seen from the results obtained by Griffin et al. (1986). Thus, although the overall 
prevalence of SIB was found to be 13.6% when a broad definition of SIB was adopted, a 
considerably lower prevalence rate of 4% was obtained when only those individuals whose 
SIB resulted in tissue damage were considered. SIB that did not result in tissue damage 
and those whose SIB was physically and/or chemically restrained occurred in 4.2% and 
4.3% of the population respectively (Griffin et al., 1986). 
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.1 Topography of stereotypic behaviour and SIB 
The topographies of stereotypic behaviour and SIB considered by the particular author(s) 
were listed in six of the studies investigating the prevalence of stereotypic behaviour and in 
sixteen of the studies investigating the prevalence of SIB. Table 2.4 below shows the 
number of studies that included a particular topography of stereotypic behaviour (left 
column) and SIB (right column). 
Table 2.4. Number of studies employing particular topographies of stereotypic behaviour (left 
column) and SIB (right column). 
Topography of No. of Topography of SIB No. of 
stereotypic behaviour studies studies 
body rocking 
arm and hand waving/flapping 
head rolling 











turning in circles 
6 hitting/banging head 15 
5 biting 15 
3 pulling hair 14 
3 scratching 13 
2 hitting/banging body II 
I pinching 9 
1 eye poking 8 
2 vomiting 5 
1 gouging 5 
1 digging 5 
I stuffing orifices 4 
1 pica 4 
1 cutting 4 
1 mouthing 3 






pulling nails 2 
masturbation 2 
teeth grinding I 
strangling I 
tool bang I 
lip chew I 
teeth bang I 
Table 2.4 shows that, although a wide range of topographies were considered, 
"bodyrocking" was the most frequently considered stereotypic behaviour with "biting" and 
"hitting or banging head" being considered most frequently in the studies involving SIB. It 
can also be seen from Table 2.4. that two of the studies investigating the prevalence of 
stereotypic behaviour also included topographies considered self-injurious by other authors 
e. g., "head banging" (Berkson & Davenport, 1962) and "eye poking" (Kauftnan & Levitt, 
1965). The number of topographies considered by a particular author ranged from 3 
(Kaufinan & Levitt, 1965) to 13 (Berkson & Davenport, 1962) for the studies involving 
stereotypic behaviour and from 5 (Matin & Rundle, 1980) to 19 (Rojahn, 1984) for the 
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studies involving SIB. Interestingly, these latter studies involving SIB also reported the 
lowest and highest prevalence rates respectively. 
The prevalence of particular topographies of stereotypic behaviour were reported in four 
studies, with 3 studies finding "body rocking" to be the most prevalent topography. Thus, 
Kaufman & Levitt (1965) found "body rocking" occurred with a prevalence of 69%, 
followed by "head rolling" (63%) and "hand movements before the eyes" (57%). Dura, 
Mulick & Rasnake (1987) also found body rocking to occur with a prevalence of 26%, the 
highest of the stereotypic topographies they considered. This compares favourably to data 
taken from the recent study conducted by Bodfish, Crawford, Powell et al. (1995) who 
found "body" stereotypies to be the most prevalent category of stereotypic behaviour 
(59%), followed by 'Vobj ect" stereotypies (3 8.1 %) and "vocal'i stereotypies (15.7%). In 
contrast to these studies, Berkson, McQuinton, Jacobson et al. (1985) found the most 
prevalent topography to be "hand movements before the eyes" (4.3%) with body rocking 
being the least prevalent. 
The prevalence of particular topographies of SIB could be calculated from eleven of the 
studies involving SIB. Table 2.5 below shows the results of these studies. 
Table 2.5. Prevalence of particular topographies of SIB calculated from 11 studies investigating 































1. biting 2.2 5.8 12.5 5.2 5.0 3.5 26.4 0.7 4.9 1.2 12.8 
2. head hitting - 2.0 12.2 4.0 - 2.4 35.2 0.7 4.7 1.1 7.6 
3. head banging - 5.0 8.6 6.0 8.8 2.5 19.8 0.5 3.7 0.8 10 
4. scratching - 2.3 4.1 - 3.9 3.3 16.5 0.7 3.3 0.6 2.9 
5. body hitting - - 4.7 - - 14.3 0.5 1.8 0.5 10.5 
6. eye poking - 3.0 - - 0.2 - - 0.6 0.4 0.5 
7. hair pulling 1.0 3.0 1.9 1.0 1.1 2.2 0.2 0.7 0.4 2.9 
8. digging - - - - 2.6 - - 1.2 0.3 - 
9. mouthing 0.4 - 9.9 1.9 0.3 - 
10. ruminating 0.4 0.03 6.6 0.1 0.6 0.3 - 
11. pica - 0.8 - 1.3 8.8 0.2 1.6 0.2 - 
12. throat - - - 1.6 - 5.5 - 0.2 0.1 - 
gouging 
13. other - - 2.7 9.8 - - - - 1.9 0.6 - 
14. pinching - 4.0 2.3 - 1.2 0.2 11.0 0.3 - - - 
15. body-object - - - - - 2.0 11.0 0.3 - - - 
16. fingers in - - - - 1.3 - 0.3 - - - 
cavities 
17. teeth - - - - - - - 0.2 - - - 
grinding 
18. polydipsia - - - - 0.1 - 2.2 0.2 - - - 
19. aerophagia - - - - 0.2 - 7.7 0.1 - - - 
20. coprophagia - - - - 0.3 - 6.6 - - - - 
21. objects in - - - - - - - 0.1 - - - 
cavities 
22. stuffing - - - - 0.5 - 3.3 - - - - 
orifices 
23. excessive - - - - - 0.9 - 
masturbation 
24. rubbing 1.0 - - - - 1.3 
25. skin picking 5.6 - - 4.3 - - - - - - - 
26. burning self - - - - 0.5 - - - - - 
27. cutting self - - - - 0.5 - - - - 
28. self-choking - - - - 0.1 - - - - - 




Table 2.5 shows that, of these studies, "biting" and "head hitting" were generally found to 
be the most prevalent topographies of SIB in most of the studies, followed by "head 
banging", "scratching", "body hitting", "eye poking", "hair pulling", "orifice digging", 
"mouthing", "rumination" and "pica". Other topographies considered by the authors of 
these studies generally had a rather low prevalence (less than I %). 
Comparison between Tables 2.4 and 2.5 appears to show that those topographies 
considered most frequently in the studies were generally the most prevalent topographies. 
This criterion, of considering only the most prevalent topographies was, in fact, adopted in 
a more recent study (Kebbon & Windahl, 1986). It should be pointed out, however, that 
reliability data concerning particular topographies was reported in only two of the studies 
(Rojahn 1984; Oliver et al. 1987). Here, although Rojahn (1984) found inter-rater 
agreement to be relatively high on some topographies of SIB (e. g., head-to-object hitting), 
other topographies were found to have considerably lower agreement (e. g., gouging self), 
with both studies reporting poor reliability overall. 
2.1.1.2 Number of topographies of stereotypic behaviour and SIB 
Seven studies have documented whether individuals with stereotypic behaviour or SIB 
showed either one, two or three or more forms of each particular behaviour. For instance, 
from one study investigating the prevalence of stereotypic behaviour (Bodfish et al., 
1995), prevalence was higher amongst those showing three or more topographies of 
stereotypic behaviour (47.1 %) than for those showing only one topography (5.7%), or 
two topographies (8.1 %). 
Prevalence of the number of topographies of SIB shown by individuals could be 
calculated from six of the studies investigating the prevalence of SIB. Table 2.6. below 
shows the prevalence of those individuals showing one, two and three or more 
topographies of SIB. 
Table 2.6. Prevalence of the number of topographies of SIB calculated from six studies. 
Study Itopography 2 topographies 3 or more 
topographies 
Schroeder et al. (1980) 8.7 5.4 4 
Maurice & Trudel (1982) 5.8 4 4.3 
Rojahn (1984) 16.5 13.2 36.3 
Rojahn (1986) 0.4 0.33 0.94 
Griffin et al. (1987) 5.3 3.5 4 
Bodfish et al. (1995) 12.9 10.5 23.3 
Table 2.6. shows that, in three studies, (Rojahn, 1984,1986; Bodfish et al. 1995) 
prevalence was higher amongst those individuals showing three or more topographies of 
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SIB compared to those individuals showing only one topography of SIB. Conversely, the 
other studies found a higher prevalence amongst those individuals showing only one 
topography of SIB. 
The prevalence of particular combinations of topographies of stereotypic behaviour 
and/or SIB in those individuals showing two topographies of SIB was reported in two 
studies (Schroeder et al., 1980; Rojahn, 1984). Here, the most prevalent combinations of 
SIB topographies were found to be "head banging" and "biting" (1.3%) (Schroeder et al., 
1980) and "hand to head hitting" and "biting" (15.4%) (Rojahn, 1994). The most 
prevalent combinations of stereotypic behaviour and SIB (given that individuals showed 
two topographies of SIB) were found to be "head banging" and "body rocking" (1.9%) 
(Schroeder et al., 1980). Additionally, four studies employed correlational or cluster 
analyses to investigate whether particular combinations of topographies, in those 
individuals showing two or more topographies of SIB, were more likely to form "sub- 
groups" of topographies than others. Table 2.7 below shows the results of these studies. 
Table 2.7. "Sub-groups" of topographies of SIB found in four studies. 
Group Schroeder et al. (1980) 
(n=108) 
Rojahn (1984) 





I head banging head to object head-body head punching or 
biting self hand to head body-body slapping 
scratching self body to object head-object banging trunk 
gouging self body to body body-object kicking legs 
pinching self kicking self pinching 
pulling out own hair body slapping biting 
biting self scratching 
scratching self pulling hair 
gouging self 
pinching self 
pulling out own hair 
2 stuffing orifices 






















n= number of individuals showing two or more topographies of SIB. 
objects in cavities 
pica 







From Table 2.7, it can be seen that, generally, the results appear remarkably consistent 
across the studies. Thus both Schroeder et al. (1980) and Rojahn (1984) found evidence 
to support two distinct "sub-groups" of SIB (which they labelled "social SIB" and "non- 
social SIB" respectively), differing only on the classification of two topographies, 
"biting" and "ruminative vomiting". In a further study, Rojahn (1986) found evidence to 
support three "sub-groups" of SIB. Here, "rumination" formed a separate sub-group 
together with "teeth grinding" (not formally included in the 1984 study). Additional data 
from Gabony (199 1) also appears to confirm these groupings. Here, 2 additional sub- 
groups were found (not shown in Table 2.7), with "eye-poking" (surprisingly not 
included in the other studies) forming the fourth group and "head banging against 
objects" forming the fifth. The first two sub-groups found in this study appear consistent 
with the first sub-group found in the earlier studies. 
With reference to Table 2.5, it is apparent that "sub-groups" of SIB tend to form between 
those topographies that are most prevalent as distinct from those that are less prevalent. 
Thus, the most prevalent forms of SIB tend to appear in the first sub-group whereas the 
less prevalent forms tend to occur in the other groups. From the available evidence 
therefore, it appears that, if individuals show more than one topography of SIB, and one 
of the topographies shown is a prevalent topography of SIB, then these individuals are 
more likely to show another prevalent topography of SIB than a less prevalent one (which 
is presumably what would be expected by chance). Similarly, if one of the topographies 
shown by an individual is a less prevalent topography of SIB, then any additional 
topographies shown by the individual are also likely to be less prevalent ones. Of course, 
considering the "cart-or-horse problem" (see above), these data do not provide evidence 
to suggest that one form of SIB may act as a precursor to another form of SIB, nor that 
stereotypic behaviour (in the form of body rocking for example) may act as a precursor to 
SIB (in the form of head banging). 
2.1.2 The study population and composition 
Only a small proportion of the studies reviewed provided an adequate breakdown of the 
composition of the study population. The total number of individuals screened ranges from 
71 individuals (Berkson & Davenport, 1962) to 32 112 individuals (Jacobson, 1982) in the 
studies investigating the prevalence of stereotypic behaviour and from 58 individuals 
(Shodell & Reiter, 1968) to 32 112 individuals (Jacobson, 1982) in the studies 
investigating the prevalence of SIB. The study population in these studies can be classified 
into one of two types; hospital or community. Table 2.8 below shows the number of 
studies published by type of population for each behaviour 
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Table 2.8. Number of studies published by type of population for stereotypic behaviour and SIB. 
Type of No. of studies involving No. of studies involving 
population stereotypic behaviour SIB 
Hospital only 6 16 
Not hospital 18 
Both 46 
Table 2.8 shows that a large proportion of the studies have investigated the prevalence of 
stereotypic behaviour and/or SIB in hospital populations only. 
2.1.2.1 Prevalence by type of population 
The number of individuals screened by type of population was reported in four of the 
studies investigating the prevalence of stereotypic behaviour (Eyman & Call, 1977; 
Jacobson, 1982; Hill & Bruininks, 1984) and in six of the studies involving SIB (Eyman & 
Call, 1977; Jacobson, 1982; Hill & Bruininks, 1984; Oliver et al., 1987; Kebbon & 
Windahl, 1986). Smaller numbers of individuals were screened for the hospital 
populations. In all studies, the prevalence for both stereotypic behaviour and SIB was 
found to be higher amongst those individuals living in hospitals than for those living in 
other residences. 
The higher prevalence of stereotypic behaviour and SIB in those individuals living in 
hospital can also be seen by comparing prevalence rates for those studies involving 
hospital populations only with those studies involving community populations only (the 
rather low prevalence reported in Matin & Rundle, 1980 is a notable exception). Since it is 
likely that the presence of stereotypic behaviour and/or SIB itself may increase the 
likelihood of subsequent admission to hospital, this finding that prevalence is higher in 
hospital populations is not surprising. [This problem is known as Berkson's Bias, 
(Abramson, 1994)]. 
As noted above, only small numbers of individuals were screened in the hospital studies. 
Thus, although Rojahn (1984) found a rather high prevalence of SIB (65.9%) in 91 
hospital residents from "seven wards of lowest-functioning residents" (p. 15), it is unlikely 
that this reflected the prevalence of SIB in the hospital as a whole or reflects the 
prevalence of SIB in other hospitals. By contrast, larger numbers of individuals have been 
screened in the studies involving community populations only. Here, lower prevalence 
rates than those found in hospital populations have been found for both behaviours. Thus, 
for example, employing a similar definition of SIB to Roj ahn (1984), Rojahn (1986) 
reported a low prevalence of SIB (1.7%) in 25872 individuals living in the community. 
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2.1-2.2 Prevalence by Gender 
The number of individuals screened by gender was reported in seven of the studies 
investigating the prevalence of stereotypic behaviour and in seventeen of the studies 
involving SIB. Smaller numbers of females were screened in most of these studies. 
Although gender-specific prevalence rates could not be calculated from the studies 
concerning stereotypic behaviour, prevalence by gender rates could be calculated from 
eleven of the studies concerning SIB. Table 2.9 below shows the results of these studies. 
Table 2.9. Prevalence by gender reported in 11 studies of SIB. 
Author(s) Male Female Ratio M: F 
Green (1967) 32.7 61.1 0.54 
Shodell & Reiter (1968) 37.5 40 0.94 
Ballinger (197 1) 13 17 0.76 
Van Velzen (1973) 26.2 36.4 0.72 
Schroeder et al. (1978) 20.7 16 1.29 
Maisto et al. (197 8) 11.2 17.6 0.64 
Matin & Rundle (1980) 0.77 1.5 0.51 
Maurice & Trudel (1982) 14.8 13.4 1.10 
Rojahn (1984) 69 61.2 1.13 
Griffin et al. (1986) 12.9 12.5 1.03 
Kebbon & Windahl (1986) 4.1 4.4 0.93 
Table 2.9 shows that a larger ratio of females to males was found in seven out of the 
eleven studies investigating the prevalence of SIB. 
2.1.2.3 Prevalence by age 
The number of individuals screened by age was reported in four of the studies investigating 
the prevalence of stereotypic behaviour and in six studies investigating the prevalence of 
SIB. In all of these studies, smaller numbers of individuals were screened in the younger 
age groups than in the older age groups. Of the studies involving stereotypic behaviour, 
Eyman & Call (1972) found the prevalence of stereotypic behaviour to be higher in those 
individuals aged under 12 years (28.4%) compared to those aged 13 years and over 
(24.5%); Ando & Yoshimura (1978) reported a higher prevalence in those aged 6-9 years 
(33.3%) compared to those aged II- 14 years (15.1 %); and Jacobson, (1982) reported a 
higher prevalence in those aged under 21 years (7.2%) compared to those aged 22 years 
and over (1.2%). It appears from these data that stereotypic behaviour is more prevalent in 
childhood. Interestingly, in a re-analysis of Jacobson's (1982) data, Berkson et al., (1985) 
showed that , in fact, prevalence of stereotypic 
behaviour followed a curvilinear "inverted 
U-shaped" trend, with peak prevalence for those individuals with a moderate or severe 
degree of developmental disability occurring at 6-12 years (approx. 10%), decreasing 
thereafter. Peak prevalence of stereotypic behaviour in those individuals with a profound 
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degree of developmental disability occurred slighly later at 13-21 years. Prevalence was 
similar for all 3 groups in the 1-5 year old age group (around 5%). Taken together, these 
data would tend to suggest that stereotypic behaviour progresses in childhood, reaches a 
peak in the teenage years and then subsequently declines. Data consistent with this view 
has also been reported by Berkson et al., (1985). Here, in a study involving 1080 
individuals living in a hospital in California, prevalence of stereotypic behaviour increased 
from about 10% in those aged between 1-5 years, to about 60% in those aged between 6- 
10 years. 
Similar prevalence by age profiles have been found for SIB. For instance, three studies 
have reported the prevalence of SIB across all age groups. Figure 2.1 below is a 














-0-Kebbon & Windahl 
(1986) 
---[]-Oliver ot al. (1987) 
Figure 2.1. Prevalence by age rates taken from 3 studies reporting the prevalence of SIB. Note 
logarithmic scale 
The figure shows that peak prevalence of SIB occurred at 10-20 years in the Oliver et al., 
(1987) study, at 20-30 years in the Kebbon & Windahl, (1986) study and at 60-70 years in 
the Ballinger, (1971) study. It can be seen that the profiles obtained by Oliver et al. (1987) 
and Kebbon and Windahl, (1986) also follow an inverted U-shape trend, consistent with 
the data presented in Berkson et al. (1985). Further data supporting this view have also 
been reported by Oliver et al. (1987) for children attending ESN(S) schools. Here, 
prevalence of SIB was found to increase monotonically between those children aged 0-5 
years (3%) and those aged 15 years and over (12%). It appears therefore that, like 
stereotypic behaviour, SIB also progresses into the teenage years. 
'The number of individuals screened in each age group was not reported in the Oliver et al. (1987) study. 
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Taken together then, the data these data would tend to support the theory that stereotypic 
behaviour and SIB are developmental phenomenon i. e., they are an extension of 
behaviours commonly found in infancy (see Chapter 3). 
It is important to point out however, that prevalence by age data is likely to be influenced 
by "cohort effects" (Kramer, 1988). [Prevalence by age data is sometimes called "pseudo- 
cohort" because it appears to be longitudinal even though different age-groups have been 
studied at the same time]. Thus, individuals in an older age group (or cohort) could differ 
from individuals in a younger age group because they have been exposed to different risks 
over their lifetime. The influence of this effect can, of course, be removed by studying 
cohorts of individuals longitudinally. [The two studies published of this type, concerning 
children without developmental disabilities, are reviewed in section 2.2. below] 
2.1.2.4 Prevalence by degree of developmental disability 
The number of individuals screened by degree of developmental disability was reported in 
three studies involving stereotypic behaviour and in eight studies investigating the 
prevalence of SIB. Most of the studies screened smaller numbers of individuals with a mild 
or moderate degree of developmental disability compared to those individuals with a 
severe or profound degree of developmental disability. Two studies screened individuals 
with a severe or profound degree of developmental disability only (Reid et al, 1984; 
Rojahn, 1984). Few of the studies provided information as to how individuals were 
categorised into a particular degree of developmental disability and it appears likely that in 
most studies, the degree of developmental disability was either estimated or obtained from 
a documentary source. Oliver et al. (1987) found that, although inter-rater agreement was 
relatively good for those individuals classified as having a profound degree of 
developmental disability, the reliability of the classification of individuals into the "mild" or 
"severe" groups was relatively poor. Figure 2.2 below shows a graphical representation of 
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Figure 2.2. Prevalence by degree of developmental disability calculated from 3 studies involving 
stereotypic behaviour (upper panel) and from 8 studies involving SIB (lower panel). 
The figure shows that all of the studies found the prevalence of stereotypic behaviour and 
SIB to increase monotonically from those individuals with a mild degree of developmental 
disability to those with a profound degree of developmental disability. 
2.1.2.5 Prevalence by type of diagnosis 
The number of individuals screened by type of diagnosis (e. g., autism or psychiatric 
diagnosis) was reported in two of the studies involving stereotypic behaviour and in three 
of the studies involving SIB. Smaller numbers of individuals with an additional diagnosis 
were screened. A higher prevalence of stereotypic behaviour was found in those children 
diagnosed with autism (68.1 %) compared to those diagnosed with a developmental 
disability (7%), (Ando & Yoshimura, 1978) and in those with an additional psychiatric 
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diagnosis (7.3%) compared to those with a developmental disability only (6.6%), 
(Jacobson, 1982). 
Of the studies involving SIB, a higher prevalence of SIB was found in those children 
diagnosed with autism (46.2%) compared to those diagnosed with a developmental 
disability only (5.5%), (Ando & Yoshimura, 1978). This figure compares favourably with 
those of Green (1967) and Shodell & Reiter (1968) who reported prevalence rates of 40% 
and 38% respectively amongst "schizophrenic" children living in institutions. Conversely, a 
higher prevalence of SIB was found in those diagnosed with a developmental disability 
only (22.7%) compared to those diagnosed with a psychiatric disorder (6.4%), (Maurice & 
Trudel, 1982). Finally, a higher prevalence of SIB was found in those with an additional 
psychiatric diagnosis (11.7%) compared to those individuals with a developmental 
disability only (8.8%) (Jacobson, 1982). 
2.1.2.6 Prevalence by degree of arnbulation 
The number of individuals screened by degree of arnbulation was reported in two studies 
involving SIB (Ballinger, 197 1; Ross, 1972). Smaller numbers of non-ambulant individuals 
were screened in both studies than ambulant individuals. However, prevalence by degree 
of ambulation could be calculated from only one study (Ballinger, 197 1). Here, a higher 
prevalence of SIB was found in non-ainbulant individuals (22%) compared to ambulant 
individuals (12%). 
2.1.2.7 Prevalence by degree of verbal ability 
The number of individuals screened by degree of verbal ability was reported in one study 
involving stereotypic behaviour and in two studies involving SIB. Smaller numbers of 
individuals with poor degrees of verbal ability were screened compared to those with 
better degrees of verbal ability. From the study involving stereotypic behaviour (Ando & 
Yoshimura, 1979b), a higher prevalence of stereotypic behaviour was found in those 
children with poor speech skills (54.1 %) compared to those with good speech skills 
(10.5%). Similarly, for comprehension skills, a higher prevalence was found in those 
children with poor comprehension skills (33.2%) compared to those who had good 
comprehension skills (15.2%). 
Similar results were also obtained from the two studies involving SIB. Here, a higher 
prevalence of SIB was found in those children without verbal skills (47%) compared to 
those with some verbal ability (19%), (Shodell & Reiter, 1968). Similarly, a higher 
prevalence of SIB was found in those children with poor speech skills (40.5%) compared 
to those with good speech skills (6.6%), (Ando & Yoshimura, 1979a). A higher 
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prevalence of SIB was also obtained in those children with poor levels of comprehension 
(33.3%) compared to those with good levels of comprehension (8.9%). 
2.1.2.8 Prevalence by degree of visual impairment 
The number of individuals screened by degree of visual impairment was reported in two 
studies involving SIB (Ellis, cited in Kropka & Williams, 1980; Kropka & Williams, 
1980). Neither study, however, screened individuals without visual impairments. Similar 
differences in rates between blind individuals and those with partial sight were found in 
both studies. Thus prevalence of SIB was found to be higher in blind individuals (22% 
and 24% respectively) compared to those with partial sight only (14% and 10% 
respectively), (Ellis, cited in Kxopka & Williams, 1980; Kropka & Williams, 1980). 
2.1.3 The method of data collection 
The various methods of data collection employed by the studies may be broadly classified 
into four groups: observation, interview, administered questionnaire, or use of 
documentary source. Table 2.10 below shows the number of studies employing each of 
these methods. 
Table 2.10. Number of studies employing each method of data collection. 
Method of data collection No. of studies No. of studies 
involving involving SIB 
stereotypic 
behaviour 
Observation 2 2 
Interview 3 3 
Questionnaire 4 12 
Documentary I I 
More than one method 0 5 
2 8 
unclear from source 
Generally, it can be seen that the majority of the studies employed questionnaire 
methodology. This may reflect the fact that questionnaires are generally less costly in time 
and resources to administer than other methods of data collection, particularly if large 
numbers of individuals need to be screened. Generally, the large-scale studies employed 
questionnaire methodology. Unfortunately, few authors adequately assessed the reliability 
of the various questionnaires that they employed in the studies. A notable exception to this 
has been the study conducted by Rojahn (1984) (see above) where low levels of inter-rater 
reliability were reported. Indeed, although this study (conducted on a small hospital 
population) had highlighted the very poor reliability of the survey instrument, Rojahn 




times the number of individuals. Interestingly, ffirther reliability data, (although assessed), 
were not reported in this study. 
Lower prevalence rates have been reported in those studies employing questionnaire 
methodology than in those employing other methods. Whether this reflects the fact that 
larger numbers of individuals can be screened using questionnaires (and hence perhaps the 
study population is more representative of the reference population) or whether it is the 
poor performance of the survey instrument itself, is difficult to answer. Questionnaire and 
interview methods generally rely heavily on retrospective information (e. g., has SIB 
occurred within the last year? ) producing data of questionable reliability (see Rojahn, 
1984). Although observation methods would appear to be more reliable, those studies 
employing observational methodology have sampled only short periods of time where 
occurrences of stereotypic behaviour and/or SIB could be missed. This can be seen most 
clearly in the study by Reid et al. (1984) in which the prevalence of SIB was found to be 
between 5% and 7% when a 20-minute observation period was conducted whereas 
prevalence was found to be between 19% and 22% when nurses were asked whether they 
had seen SIB occur in the previous week. 
Of the studies involving SIB, three studies reported rates which could be considered to be 
annual prevalence rates, seven studies reported rates which could be considered to be 
period prevalence rates, and four of the studies reported rates which could be considered 
to be point prevalence rates. In the other studies it was not possible to determine which 
type of prevalence was reported. The importance of the time period considered can be 
demonstrated by the results of three studies. For example, whereas the period prevalence 
of SIB over 3 years was found to be 18% in a state facility, the point prevalence at each of 
the surveys was found to be 8.7%, 10.3% and 9.9% respectively (Schroeder et al., 1978). 
By contrast, in another study, the period prevalence of SIB over 2 years was found to be 
rather similar to its point prevalence, 14.6%, and 14.1 % respectively (Maurice & Trudel, 
1982). Finally, whereas the period prevalence of SIB over I month was found to be 4.2%, 
lifetime prevalence of SIB was found to be 25.7% (Van Velzen, 1973). Generally, it can 
be seen that, as the duration of the period considered increases, prevalence also increases. 
Whether this reflects the greater difficulty of recalling whether an individual has shown 
SIB over a longer period of time or whether it reflects the variability in the chronicity of 




Despite inconsistencies and flaws in the methodology of many of the studies, a number of 
tentative conclusions, based on features common to several of the studies, can be drawn. 
the prevalence of stereotypic behaviour is higher than the prevalence of SIB (6 of 8 
studies). 
" the prevalence of "biting" and/or "head hitting" is higher than the prevalence of other 
topographies of SIB (8 of II studies). 
" The prevalence of "headbanging" and "rocking" is higher than the prevalence of other 
combinations of topographies of stereotypic behaviour and SIB (2 of 2 studies). 
" the prevalence of stereotypic behaviour and SIB is higher in hospital populations than 
in community populations (4 of 4 and 6 of 6 studies respectively) 
" the prevalence of SIB is higher in females than in males (7 of II studies). 
" the prevalence of stereotypic behaviour and SIB increases up to those aged 30 years 
and then declines (I of I and 2 of 3 studies respectively). 
" the prevalence of stereotypic behaviour and SIB is higher in those with a severe or 
profound degree of developmental disability than in those with a mild or moderate 
degree of developmental disability. (3 of 3 and 8 of 8 studies respectively) 
" the prevalence of stereotypic behaviour and SIB is higher in those diagnosed with 
autism or a psychiatric disorder than in those diagnosed with a developmental disability 
only (2 of 2 and 2 of 3 studies respectively). 
2.2 Prevalence of stereotypic behaviour and SIB in children without 
developmental disabilities. 
Only 12 studies have investigated the prevalence of stereotypic behaviour and/or SIB in 
children and adults without developmental disabilities (see Table 2.1 above). Here, it can 
be seen that relatively few studies have been conducted on this population. This is 
unfortunate, given that comparison of the epidemiological evidence in this population 
with that of children and adults with developmental disabilities may provide additional 
"clues" concerning possible risk indicators. Table 2.11 shows the results of each study 
(together with various methodological aspects, as before). Here, prevalence rates for both 
behaviours range from 1.5% (Abe, Oda & Amatomi, 1984) to 51.4% (Troster, Brambring 
& Beelmann, 1994). From Table 2.1 L, it can be seen that, in comparison to the studies 
involving children and adults with developmental disabilities, studies generally have 
investigated the prevalence of particular topographies of stereotypic behaviour and/or 
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2.2.1 The definition and associated topographies 
A definition was included in nine of the studies. Most of the definitions consisted of 
descriptions of the specific topographies considered rather than particular operational 
criteria. Of the studies involving SIB (namely headbanging), three of the studies 
considered only those cases whose "headbanging" could be considered "non-tantrumous" 
(DeLissovoy, 1961; Sallustro & Atwell, 1978; Werry, Carlielle & Fitzpatrick, 1983). 
This criterion could be considered similar to that of "non-accidental SIB" employed in 
definitions of the studies involving children and adults with developmental disabilities. 
Many of the early studies adopted the labels "rhythmic movements" or "habit patterns" 
with which to describe stereotypic behaviour. Almost all of the studies investigating the 
prevalence of stereotypic behaviour also included behaviours considered by most other 
authors to be self-injurious. In fact, as can be seen from Table 2.11 that the distinction 
between stereotypic behaviour and SIB in these studies does not appear to be as clear-cut 
as in the studies involving children and adults with developmental disabilities. The 
behaviours considered in each of the studies are listed in Table 2.12 below. 
Table 2.12. Number of studies employing particular topographies of stereotypic behaviour (left 
column) and/or SIB (right column). 
Topography of Stereotypic 
behaviour 
No. of studies Topography of SIB No. of studies 
body rocking 6 headbanging 11 
head rolling 4 lip biting 2 
foot kicking 1 teeth grinding 2 
toe sucking I pinching I 
use of pacifiers I hairpulling 1 
attachment to object I hitting I 
hair twisting 1 eye poking I 
nail biting I 
making faces 1 
manipulation of objects I 
hand movements I 
rubbing/wiping 1 
Here it can be seen that, although all of the studies considered the topography of 
headbanging, a smaller range of topographies of SIB were considered than in the studies 
involving children and adults with developmental disabilities. Conversely, a larger 
number of topographies of stereotypic behaviour were considered in this population. 
Generally, the topographies of stereotypic behaviour and/or SIB considered appear 
similar to those considered by authors of the studies involving children and adults with 
developmental disabilities. 
Of the studies involving the topography of headbanging, prevalence rates reported range 
from 3.3% (Levy & Patrick, 1928) to 15.2% (DeLissovoy, 1961). These figures compare 
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favourably with prevalence rates for headbanging found in children and adults with 
developmental disabilities (see Table 2.5). Prevalence rates for both behaviours were 
reported in three studies. Table 2.13 below shows prevalence rates for the topographies of 
bodyrocking and headbanging taken from three studies reporting figures for both 
behaviours. 
Table 2.13. Comparison of prevalence rates between stereotypic behaviour and SIB in three 
studies reporting rates for both behaviours. 
Study Prevalence of Prevalence of 
body rocking headbanging 
DeLissovoy (1961) 20.9 15.2 
Sallustro & Atwell (1978) 19.1 5.1 
Werry et al. (1983) 66 
It can be seen that two of the studies reported a higher prevalence rate for the topography 
of body rocking compared to the topography of headbanging (DeLissovoy, 1961; 
Sallustro and Atwell. ) 1978), the other study reporting 
identical rates for the two 
behaviours. These data compare favourably with the higher prevalence of stereotypic 
behaviour found in studies involving children and adults with developmental disabilities. 
2.2.2 The study population and composition 
The numbers of individuals screened in the studies ranges from 130 individuals (Lourie, 
1949) to 3335 individuals (Abe et al., 1984). It is interesting to note that, in keeping with 
the studies involving children and adults with developmental disabilities, those studies 
which screened the largest numbers of individuals reported the lowest prevalence rates. In 
contrast to the studies involving children and adults with developmental disabilities, most 
of the studies involved non-hospitalised populations with one study involving children 
living in residential care (Troster, 1994). Although one study population was derived 
from a 1: 8 random sampling procedure (Werry et al., 1983), most were derived from 
children attending the author(s) private clinics. Whether the children were attending these 
clinics because they were showing the particular behaviours concerned (hence producing 
a biased sample) or whether they attended the clinic for other matters is unclear. Either 
way, they were presumably not entirely representative of the general population. 
2.2.2.1 Prevalence by Gender 
The total number of individuals screened by gender was reported in four of the studies. 
Smaller numbers of females compared to males were screened in all of the studies. Table 
2.14 below shows the prevalence ratio of males to females showing headbanging and body 
rocking taken from four studies. 
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Table 2.14. Rate ratios by gender reported in 4 studies involving boclyrocking and headbanging. 
Bodyrocking Headbanging 
Author(s) Ratio M: F Ratio M: F 
DeLissovoy (1961) -3 
Sallustro & Atwell (1978) 1.03 3 
Werry et al. (1983) 3.3 5 
Troster et al. (1994) 1.4 1.6 
Table 2.14. shows that, for both headbanging and body rocking, higher rate ratios of 
males to females were obtained in all of the four studies. This contrasts with the studies 
involving children and adults with developmental disabilities where a higher ratio of 
females to males was found in seven out of eleven studies involving SIB. 
2.2.2.2 Prevalence by age 
The number of individuals screened by age was reported in two studies, (Werry et al., 
1983; Troster et al., 1994). Smaller numbers of individuals were screened in the younger 
age groups in both studies. In the study by Werry et al. (1983) similar prevalence by age 
profiles were obtained for the topographies of body rocking and headbanging. However, 
although the peak prevalence for both behaviours was found to occur in the 12-17 month 
old age group, declining thereafter, interestingly, in the 3-5 month age group, a higher 
prevalence of bodyrocking (I I%) was found compared to that of headbanging (M). 
Similar results were also obtained in individuals aged between 10 months and II years 
(Troster, 1994). Thus, although the peak prevalence of body rocking was found to occur 
in the 10-36 month old age group, the peak prevalence of head banging occurred in the 3- 
5 year old age group. Of the other topographies of stereotypic behaviour and/or SIB 
included in these studies, generally, prevalence of the behaviours tended to decline with 
increasing age, although some topographies (e. g., thumbsucking and nailbiting) did not 
appear to follow this trend. 
More direct evidence concerning prevalence by age of stereotypic behaviour and/or SIB 
can be obtained from the results of two longitudinal studies (Shentoub and Soulairac, cited 
in Green., 1967; Kravitz and Boehm, 197 1) (see section 2.1.3). In the study by Shentoub 
and Soulairac (cited in Green, 1967) a cohort of 300 children aged 9 months were 
followed-up at 12 months, at 18 months, at 2 years and then at yearly intervals until the 
children were 5 years old. The peak prevalence of SIB was found to occur when the 
children were 9 months old (17%) with the prevalence of SIB declining at each successive 
follow-up (except at 18 months). None of the children showed SIB at 5 years. In the study 
by Kravitz & Boehm (1971), 200 children aged I month were followed-up (every month) 
over a period of 12 months (Kravitz & Boehm, 197 1). Here incidence by age profiles for 
particular topographies of stereotypic behaviour and/or SIB suggested that the behaviours 
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tended to appear and then decline in a particular order. Figure 2.3 below is a graphical 
representation of the tabulated data found in Kravitz & Boehm (197 1). 
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Figure 2.3. Incidence by age rates for particular topographies of stereotypic and self-injurious 
behaviour taken from the study by Kravitz & Boehm (1971). Note Logarithmic scale. 
The first behaviour to appear (at I month) is foot kicking (peak incidence, 2 months) 
followed by lip biting at 3 months (peak incidence, 4 months), body rocking at 4 months 
(peak incidence, 5 months), toe sucking at 4 months (peak incidence, 7 months), head 
rolling at 4 months (peak incidence, 10 months), and head banging at 5 months (peak 
incidence, 7 months). Generally it can be seen that, the incidence of most of the behaviours 
appears to decline towards the end of the follow-up period. Incidence rates for each of the 
behaviours over the total one year period were 99%, 93 %, 91%, 83.5 %, 10% and 7% 
respectively. The incidence rates reported for body rocking (9 1 %) and headbanging (10%) 
in this study compare favourably to prevalence rates found in this population and to those 
for stereotypic behaviour and SIB found in older children and adults with developmental 
disabilities. 
2.2.2.3. Prevalence by degree of visual disability 
The number of individuals screened by degree of visual disability was reported in one 
study (Troster et al., 1994). This study screened blind children only. Results indicated 
that all of the children had shown at least one of the II stereotypic behaviours considered 
(within a one week period), with 97.6% of the sample showing at least one of the 




2.2.3. Method of data collection 
Table 2.15 below shows the number of studies employing each method of data collection 
(see section 2.1.3 above). 
Table 2.15. Number of studies employing each method of data collection. 





More than one method I 
3 
unclear from source 
Generally, it can be seen that the majority of the studies employed questionnaire and 
interview methodology. Few authors adequately assessed the reliability of the various 
questionnaires that they employed in the studies. However, and in comparison to the rather 
poor reliability reported by Rojahn (1984) (see above), Troster et al. (1994) found the 
reliability of their questionnaire to be good, despite the fact that ratings on the occurrence 
of 15 topographies of stereotypic behaviour were needed. 
Summary 
Results from the various studies have shown that: 
e the prevalence and incidence of body rocking is higher than the prevalence and 
incidence of headbanging (2 of 3 studies). 
* the prevalence of body rocking and headbanging is higher in males than females (3 of 3 
studies). 
o the prevalence and incidence of stereotypic behaviour and SIB is higher in younger 
children than in older children (4 of 4 studies). 
& the prevalence and incidence of stereotypic behaviour in younger children is higher 
than the prevalence and incidence of SIB in younger children (4 of 4 studies). 
Conclusions 
Comparison of the prevalence by age profiles for the behaviours shown by children 
without developmental disabilities with those found in children and adults with 
developmental disabilities reveals several interesting similarities. Firstly, the profiles for 
both groups are remarkably consistent With one another. Thus, peak prevalence of the 
behaviours tend to occur in the younger age groups, declining as age increases. Secondly, 
studies from both populations tend to show that stereotypic behaviour is more prevalent in 
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the younger age groups with SIB being most prevalent in the age groups following 
stereotypic behaviour. The study by Kravitz & Boehm, (197 1) also confirms this 
relationship, indicatmg that stereotypic behaviour precedes the appearance of SIB. The 
major difference between the results of the two populations is that of scale. Thus, in 
children without developmental disabilities, the behaviours, tend to appear and then 
disappear over a number of months. Conversely, in children and adults with 
developmental disabilities, the behaviours appear and then decline over a number of years. 
This kind of evidence would thus tend to support the notion that stereotypic behaviour 
and/or SIB is a developmental phenomenon (see Chapter 3). 
Taking the data as a whole, it would appear that several indicators of risk could be 
suggested. However bearing in mind the fact that prevalence rates cannot generally be 
used as indicators of risk, any conclusions based on the data can, at best, only be 
tentative. Also, since causality has not been established, it is probably better to term the 
variables "risk markers" (see above). In order to arrive at firm conclusions therefore, it 
would appear essential to have more incidence data. 
The characteristics are: 
1. the presence of stereotypic behaviour in the behavioural repertoire, particularly 
bodyrocking. 
2. aged under 30 years 
3. a severe or profound degree of developmental disability (and poor communication 
skills). 
4. a visual impairment 
5. a diagnosis of autism. 
However, many of these conclusions are based on only a small number of studies. 
Clearly, there is a need for more studies to be conducted in the future employing similar 
methodologies so that the results of each particular study can be more easily compared. 
There is also a particular need for incidence studies to be conducted. Only then can the 




Aetiology of stereotypic behaviour and SIB. 
Introduction 
As Murphy & Wilson (1985) have pointed out, it is rare for individuals with developmental 
disabilities to be seen by professionals when stereotypic behaviour or SIB first appears. 
Consequently, the aetiology of stereotypic behaviour and SIB is often difficult to 
detenrnine and is usually based on retrospective evidence or "armchair" theorising. 
Nevertheless, several theories to account for the origins and maintenance of SIB have 
emerged in the literature over the last 30 years, each of which can be considered to 







Each hypothesis will be reviewed in turn and evidence for its utility will be examined. It 
should be pointed out however that in the literature, rarely is the distinction made between 
the factors that can be said to "cause" SIB and the factors that can be said to "maintain" it. 
Again, as pointed out by Murphy & Wilson (1985), it should be borne in mind that these 
can often, but not always, be quite different. 
3.1. Psychodynamic theories 
Psychodynamic theories of SIB originated in the early 50's and attempted to explain the 
origins and maintenance of SIB in terms of psychodynamic principles. Some of the first 
psychodynamic accounts of SIB, for example, came from the proceedings of a conference 
held in New York in 1954, documented in the Psychoanalytic Study of the Child, Vol. 9. 
Here, one of the first speakers, Greenacre (1954), distinguished between "two types of 
rhythm", the first regulating stereotypic behaviours, being "of day and night, or of the 
pulse, or of breathing", the second regulating SIB, being "of the climactic or orgiastic 
kind". In particular, Greenacre (1954) considered "head knocking" was "to do with a need, 
in some peculiar way, to establish a body reality in that particular area" (p. 38) and that it 
was "connected with abnormal birth conditions". 
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Anna Freud (1954), speaking at the same conference, also considered stereotypic 
behaviour and SIB to be regulated by different mechanisms, considering body rocking to 
be "autoerotic" whilst "head knocking" was "unquestionably autoaggressive", suggesting: 
"that rocking and head knocking are always mentioned together may be due to the fact 
that their identical rhythms strike many observers more forcibly than the less obvious 
differences between them. What the child gains from rocking is soothing pleasure; what 
is sought in headbanging is a sensation of pain ... the pain produced by headknocking 
may serve the purpose of establishing an otherwise missing body reality for the child. " 
(p. 41). 
Similarly, Bychowski (1954) considered "head knocking" to "help ... in tracing ego 
boundaries" (p. 67) whilst Spitz (1954) believed body rocking to have "all the 
characteristics of orgasm, with the exception, of course, of the appropriate discharge in the 
genital region" (p. 54). Interestingly, Spitz (1954) went on to say: 
"it would seem quite natural to me that rocking can lead to the development of 
headbanging, added to which I have frequently seen the hair-pulling syndrome" (p. 54). 
In agreement with Spitz, Anna Freud (1954) noted: 
"I have seen many rocking infants who did not add head knocking to their practices. On 
the other hand, it is rare to see a head knocker who did not go through a period of 
rocking before knocking developed. (p. 6 0. 
In a later psychodynamic account, Zuk (1960) considered SIB to represent "a distortion of 
the impulse to punish someone else". Basing his theory on the observations of 5 cases, Zuk 
(1960) stated: 
"The writer can conceptualize ... self-injury only by postulating a regression of the ego to 
an infantile level with a consequent breakdown of the identification of the ego and the 
body. The body is no longer perceived as an extension of the self but as an object in the 
environment. When for some reason, perhaps of fear of reprisal or lack of availability, 
aggression cannot be directed against its true object, it is conceivable that it is expended 
against the most immediate or the nearest object. Since the victim obviously has access 
to his own body, it tends frequently to get selected as the object of the aggression. " 
(p. 60). 
In particular, one child appeared to engage in SIB (i. e., eye punching) in response to 
another boy "picking on him", whilst another appeared to engage in hair pulling when 
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"further enraged" by another child "making faces". Finally, one child showed SIB when his 
teacher "insisted that he remained seated". As we shall see, other interpretations of these 
cases are equally likely. 
FitzHerbert (1952) put forward what Baumeister & Rollings (1976) called the "lack of a 
maternal kind of human milkness" theory, namely that head-banging: 
"originated in the infant's desire to reproduce the thrust of the mother's apex-beat 
against his head while he was being nursed... either as a means of self-comfort or in 
retaliation for he had felt to be an attack or as both combined. " 
In support of the theory, FitzHerbert (1952) recounted the case of a child who engaged in 
SIB (i. e., headbanging) only when his mother was present in the same room at meal times, 
but stopped when she went out or when he could no longer see her. Given that the boy 
subsequently ceased to engage in headbanging at around the same time that his mother 
stopped bottle feeding him, FitzHerbert (1952) suggested: 
"this case shows clearly the association in the child's mind between suckling and the 
banging on the back of his head. He tried to expedite the start of his feeds by himself 
providing the right accompaniment, when his mother herself ceased to do so, as soon as 
he saw that she was present" (p. 33 1). 
Again, other interpretations of this case are equally likely, however. 
Based on "clinical observations" of cases, Green (1967) considered SIB to be associated 
with the child's "ego functioning". For instance, in "high functioning schizophrenic 
children", SIB, according to Green (1967), was "often clearly provoked by a frustrating 
incident and could be explained by intrapsychic events". (p. 240). In support for this 
contention, Green (1967) cited the case of Carla who: 
"while tearing at her skin and ripping her clothes.. uttered the following: 'Stupid Carla, 
ugly Carla, toilet bowl Carla, I'm no good, I hope I die soon'.. " (p. 240). 
Here, Green (1967) interpreted the SIB as "a form of self-punishment" which acted to 
relieve "guilty feelings concerning her provocativeness. " In individuals with developmental 
disabilities however, Green (1967) believed SIB satisfied "more primitive physiological 
needs ... and helped to 
delineate their body boundaries from that of the outside world. " 
(p. 240). Green also suggested that SIB occurred more frequently in females because: 
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"of their unusual degree of body image distortion secondary to their more pronounced 
castration feeling, and to their more widespread bodily changes prior to puberty. The 
resulting diffusion of ego boundaries could facilitate the substitution of the self for the 
object during an aggressive outburst. " (p. 241). 
Interestingly, Green (1967) viewed the development of SIB as following a" stepwise 
progression", stressing "the interplay between early precursor physiological patterns 
serving homeostasis, and the environmental responses which reinforced their persistence". 
This is not, in fact, dissimilar to the model of the development of SIB presented by Guess 
& Carr (199 1), described below. Here though, Green (1967) also considered SIB to have 
later "psychodynamic significance". In a follow-up paper, Green (1968) also noted the 
association between SIB and early childhood abuse and neglect, with parental abuse 
having "a traumatic effect on the developing ego... leading to the development of self- 
mutilation". (p. 171) 
Although psychodynamic accounts of SIB have become increasingly rare in the literature 
over the last thirty years, Sinason (1992), in her book Mental Handicap and the Human 
Condition has recently resurrected the hypothesis stating: 
"Some headbanging, for example, is a way of knocking a bad feeling out of the head; 
sometimes it is a desperate attempt to knock a thought into shape" (p. 225). 
In recounting the case of Stephen who had apparently noted how the interference on a TV 
set disappeared when he saw his father kick it, Sinason (1992) stated: 
"He [Stephen] then bashed at his head violently and it was quite clear he hoped that 
would get rid of the awful exhausting disturbance inside". (p. 225). 
In other words, Sinason (1992) suggested that in individuals with developmental 
disabilities, SIB occurred in order to alleviate the discomfort of "bad" thoughts. In other 
cases, Sinason (1992) believed SIB occurred in response to "tragedy" or "loss". For 
instance in one case, Sinason (1992) reported how SIB occurred as a result of the loss of a 
keyworker which "activated memory of her early loss of her mother when she was 
abandoned at the age of one". 
Interestingly, also in her book, Sinason (1992) described the case of a 17 year old woman 
with profound developmental disabilities who underwent psychodynamic therapy (with 
Sinason) at the Tavistock clinic in London for her SIB. Apparently, the woman's 
"outbursts" of SIB, which included severe eye poking and headbanging, "were worst 
around Christmas" which, incidentally was also when her family had abandoned her at the 
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age of five. During the first session, Sinason (1992) recounted how, when looking through 
a photograph album containing pictures of the woman on holiday, and encountering empty 
pages: 
I said how unbearable it was to see her life, to think of her birth and everything that 
had gone wrong. She could not listen. A high-pitched animal screarning began together 
with headbanging and eye-poking". (p. 23 1)" 
Subsequent "therapy" sessions described how the woman "started jabbing her eyes" 
apparently because she "didn't want to look at the photos". In fact, Sinason (1992) 
recounted the details of some of the 100 "therapy" sessions that were conducted over a 
year period, some of which she says were spent "largely in silence, with me occasionally 
venturing a comment on her non-moving". (p. 230). Indeed, when the woman "faced the 
loss of another key worker", Sinason (1992) stated how SIB in the form of anal poking 
became "far more physically dangerous" resulting in infections describing how the woman 
"recovered in her usual way, only to die of renal failure" (p. 252). Interestingly, as an 
aside, Sinason (1992) considered how it would have been: 
"far easier to think that [the woman] is 'attention seeking' than to feel the weight of her 
personal tragedy" (p. 232). 
Interestingly, in a review of the psychodynamic literature on SIB, Cain (196 1) also 
dismissed the "attention-seeking" theory, stating: 
"The overuse of the notion of 'attention-getting' need not blind us to its sufficiently 
frequent secondary relevance. At times amidst seemingly wild, uncontrolled 
headbanging, a child may halt and fin-tively peek over his shoulder to check whether 
notice is paid, and supplies and intervention coming. Once occurring, head-banging 
demands and often gets plentiful attention. Among a host of factors that rules this out 
as being of primary importance in most cases is the great difficulty often encountered in 
distracting a child from head-banging. " (p. 185). 
In summary then, psychodynamic accounts interpret SIB in terms of concepts such as 
"guilt", punishment of the self and others, "missing body reality", "personal tragedy" and 
"ego disturbance". Whilst these accounts can be considered somewhat imaginative and 
"colourful", many are perhaps implausible, given that there is little evidence to support 
many of the claims put forward. Indeed, it is difficult to imagine how one could test 
whether or not an individual showed SIB as a result of "guilt". In a study conducted by 
Lovaas, Freitag, Gold & Kassorla (1965), reviewed in Chapter 4, saying the words "I don't 
think you are bad" whenever an 8 year old girl showed SIB only served to make the SIB 
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worse. Thus it would appear that in this case, psychodynamic "therapy" was totally 
ineffective. Given that many of the psychodynamic accounts of SIB originated in the early 
50's they perhaps are best viewed as being Of historical interest only, providing little to aid 
our understanding of the aetiology of SIB - 
3.2 Biological theories 
Biological theories attempt to explain the origins and maintenance of SIB by appealing to 
internal biological factors. Three main "biological" theories have been advanced, namely 
that 1. SIB occurs as a result of a minor illness 2. SIB occurs as a result of biological 
factors associated with particular syndromes 3. SIB occurs as a result of neurotransmitter 
disturbance. Each hypothesis will be reviewed below. 
3.2.1 "Minor illness" hypothesis 
Several studies have shown that particular forms of SIB may be associated with minor 
illnesses, leading to the speculation that the illness somehow "caused" the SIB to occur. 
However, methodological weaknesses of these studies do not allow any firm conclusions 
to be drawn. For instance, Gunsett, Mulick, Fernald & Martin (1989) found that following 
"medical screening" of 10 individuals with developmental disabilities, of the 2 individuals 
who both showed headbanging (aged 49 and 54), one was found to have an ear infection 
whilst the other had an impacted bowel. Following treatment of the medical condition, 2 
years later, SIB was judged to be "better", suggesting to Gunsett et al., (1989) that "the 
behaviours, ... were probably indicators of physical 
discomfort". However, given that the 
"treatment" also included a behavioural component it is unclear whether elimination of the 
medical condition was either wholly or partly responsible for the reduction in SIB. More 
significantly, these cases were selected from a sample of 56 individuals (who also showed 
behaviour problems) precisely because the "consulting psychologist judged that the 
inappropriate behaviour could possibly have a medical etiology". Clearly, it would be 
important to determine whether or not these other cases also had medical problems. 
DeLissovoy (1963) also found a relationship between otitis media (middle ear infection) 
and subsequent head-banging by checking the "health histories" of 30 children, (i. e., 15 
children who engaged in "head banging" and 15 matched controls), aged 10 to 42 months. 
6 of the children who engaged in headbanging were found to have been diagnosed with 
otitis media in the first year whilst only one of the controls had such a diagnosis. By noting 
that "pepper in the eyes" had once been used as a cure for toothache, DeLissovoy (1963) 
considered the possibility that the children engaged in headbanging as a distraction to 
relieve the pain of the ear infection. Today, this effect can perhaps best be explained by 
reference to Melzack & Wall's (1982) "gate" theory of pain. Here, Melzack & Wall (1982) 
65 
Aetiology 
suggested that the spinal cord contains "gates" which either open or close to allow pain 
impulses to pass to the brain, depending on the type of nerve fibre involved. Thus, small 
diameter fibres are presumed to open the gates whereas large diameter fibres are presumed 
to close the gates. This effect helps to explain why rubbing the site of an injury sometimes 
relieves the pain it causes (i. e., large diameter fibres are presumably activated which closes 
the "gates", thereby stopping pain impulses from being received in the brain). However, 
given that the information about ear infections was collected retrospectively, the results of 
this study should be regarded cautiously. 
Interestingly, FitzHerbert (1952) also considered that there may have been an association 
between headbanging and the child having had a minor illness (e. g., otitis media or 
headaches) in some of the children he studied (although this was subsequently interpreted 
from a psychodynamic perspective). Other studies have shown that SIB in the form of self- 
scratching may be related to poison oak dermatitis (see Carr & McDowell, 1980, reviewed 
in Chapter 4). Presumably, by scratching the affected area, the individual attenuated the 
itchiness associated with the dermatitis. Again, however, the information concerning the 
dermatitis was obtained retrospectively. 
Finally, one investigator has suggested that SIB may be associated with epilepsy. Here, 
Gedye (1989) described 10 individuals aged 16 to 50, who showed "extreme" SIB. 
According to Gedye (1989), each individual showed ictal signs of frontal lobe dysfunction 
during episodes of SIB (some of which lasted up to 30 minutes) leading to the suggestion 
that frontal lobe seizures somehow "caused" the SIB. Although this is an interesting 
hypothesis, it is unclear ftom the report how these data were obtained. Further work in this 
area is clearly needed. 
In summary then, there is undoubtedly some evidence to suggest that some forms of SIB 
(e. g., head banging and self- scratching) may be related to minor illnesses such as ofifis 
media, headaches and dermatitis. However, this does not account for why other forms of 
SIB (e. g., hand to head hitting or hair pulling) are also shown by some individuals with 
developmental disabilities. 
3.2.2. "Syndrome" hypothesis 
Other evidence to suggest that there may be a biological basis to SIB comes from studies 
which have found SIB to be associated with particular syndromes, in particular, individuals 
diagnosed with Lesch-Nyhan syndrome or De Lange syndrome, suggesting that biological 




3.2.2.1. Lesch-Nyhan Syndrome 
Lesch-Nyhan syndrome was first described in 1964 on the basis of two brothers aged 5 
and 8, both of whom showed SIB. Lesch & Nyhan (1964) described how in one of the 
boys: 
"his most striking behavioural characteristic was destructive biting of the fingers and 
lips. His behaviour clearly indicated that there was no sensory anaesthesia: he appeared 
terrified and screamed as if in pain during the process and appeared happy only when 
restrained securely". (p. 561) 
Subsequent studies have continually documented the association between Lesch-Nyhan 
syndrome and SIB. For instance, Dizmang & Cheathain (1970) studied five children, aged 
9 to 15, all of whom showed SIB. Using information derived from interviews with the 
child's parents, of the four children described, onset of SIB occurred at 1,1 V2,1 and 2V2 
years of age respectively, each apparently following a "traumatic" event of some kind. For 
one child, mouth biting began after falling from a crib, for another, lip chewing began 
following the appearance of a blister on the lower lip, and for another, lip-hitting began 
following an accidental bang on the lip. All three children went on to develop finger biting 
approximately one year later. Parents reported that SIB appeared "involuntary" and 
"unpredictable". After noting how the SIB appeared to involve a "powerful impulse and 
lack of control" and describing how one child began "losing the battle with himself' (p. 
674) before going on to self-injure, the authors suggested that "an extremely low threshold 
for the activation of a mechanism that controls compulsive painful behaviour" (p. 676) was 
responsible for SIB. 
Christie, Bay, Kauftnan et al. (1982) also documented the individual characteristics of 19 
individuals, aged 8 to 24, diagnosed with Lesch-Nyhan syndrome, by reviewing hospital 
records and questionnaire data. All cases showed SIB (hand biting), with the average age 
of onset of SIB being 26 months (range six months to four years). Headbanging occurred 
in 9 individuals with 14 individuals also showing aggression. Of the 14 children for whom 
information was available, 12 wore restraints both day and night, one wore them only 
during the night and one wore them only "infrequently". Christie et al. (1982) described 
how all individuals became "agitated" when their restraints were removed and that; 
"in most cases, the hand immediately moves toward the mouth. However, with age, 
most children appear to develop some degree of control over their behaviour. Some 
place their hands behind their back, for example or sit on them. One 18-year-old asked 
to have his restraints removed at various times, and when this was done he would talk 
to his hand, saying 'be good, right hand'. " 
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Similarly, by asking several individuals with Lesch-Nyhan syndrome the question "why do 
you bite your fingers? ", Nyhan (1976) reported that several children replied I can't help 
it", whilst one said I do it when I get mad" whilst another said "when my uric acid's too 
highol. 
In the largest sample of cases studied to date, Anderson, Ernst & Davis (1992) obtained 
information on 42 individuals diagnosed with Lesch-Nyhan syndrome, aged 2V2 to 32 
years. Information was obtained via a questionnaire, mailed out to the parents of the 
children, all of whom were resident in the U. S. A. 40 of the individuals (i. e., 95%) showed 
SIB, predominantly finger and mouth biting, with 14% of cases (according to the parents) 
"always" knowing that they were going to self-injure, and 36% "sometimes" knowing. 
48.6% of the children wore restraints 100% of the time during the day with 74.4% 
wearing restraints during the night. In addition, 38% were apparently "always in control" 
of whether they were going to be restrained with 56% being "sometimes in control". The 
number of forms of SIB shown by the group varied from I to 14 with a mean number of 
7.6 topographies, with 90% of individuals producing some physical damage as a result of 
SIB and 88% also showing aggression. The mean age of onset was reported to be 3 years 
(range I to 10 years) with the most common topography of SIB to appear first being 
finger biting (5 8%) followed by headbanging (13 %), lip biting (10%), throwing the head 
back (5%) and cheek biting (3%). In a subsequent paper, Anderson & Ernst (1994) found 
an association between the severity of SIB (i. e., the number of topographies currently 
shown by the individual) and the age of onset of SIB, indicating that the earlier the SIB 
began, the more severe the SIB later became. According to the questionnaire data, 42% of 
the parents indicated that the SIB "sometimes" served a purpose, 31.5% reported that the 
SIB never served a purpose, 19% reported that it "rarely" served a purpose whereas only 
7.5% indicated that the SIB "always" served a purpose. Interestingly, individuals who 
showed more forms of SIB were rated as more likely to show SIB that appeared to serve a 
purpose. Similarly, younger children were more likely to show SIB that apparently served 
a purpose. 60% of parents reported a worsening of SIB when during periods of illness. 
It appears therefore, that SIB (in particular forms) in Lesch-Nyhan syndrome is highly 
predictable, occurs early in the child's life and is likely to be particularly severe. This is in 
contrast to the type of SIB seen in individuals with developmental disabilities which is less 
likely to be so severe, where a wider range of topographies of SIB are seen and where 
restraints are less often employed. However, despite the fact that several authors have 
described SIB in Lesch-Nyhan syndrome as "compulsive", some studies have shown that 
environmental factors could nevertheless serve at least partially to maintain SIB. In one of 
the first of these, Duker (1975) noted that self-biting decreased in an 8 year old boy when 
it was "ignored" during rides in a car. A similar effect was also noted when the "treatment" 
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was transferred to the child's ward environment. On the basis of these results and on the 
observation that the child "often looked at the therapist after biting himself', Duker 
(1975) suggested that the child's SIB was maintained by social reinforcement. 
Anderson, Dancis & Alpert (1978) compared the effects of administering punishment (i. e., 
a3 ma. skin shock), extinction, DRO, and extinction plus DRO on the SIB "attempts" of 5 
children, aged 3 to 13 with Lesch-Nyhan syndrome. Results indicated that in all children, 
SIB attempts decreased during DRO and extinction sessions (suggesting some 
environmental control) but, surprisingly, appeared to increase during contingent shock 
sessions. SIB was also found to increase when one of the individual's SIB was followed by 
attention, suggesting that SIB was maintained by positive reinforcement. In order to 
demonstrate that increases in SIB following shock were not simply due to the confounding 
effect of attention (i. e., responses were prevented during shock), in one of the individuals 
whose teeth had been removed, Anderson, Dancis, Alpert & Herrman (1977) showed that 
SIB did not decrease during sessions when the child was exposed to a shock condition 
which did not include response prevention. On the basis of these results, Anderson et al. 
(1977) speculated that children with Lesch-Nyhan syndrome were unable to learn to avoid 
punishment (e. g., electric shock) and that this deficit (in passive avoidance learning) may 
have accounted for the appearance of SIB. By noting that a similar deficit in avoidance 
learning is caused by vasopressin deficiency in the Battleboro rat, Anderson, David, 
Bonnet & Dancis (1979) set up several experimental conditions during which 3 children 
with Lesch-Nyhan syndrome, aged 7 to II years, were required to press a bar to receive 
tokens. During several of the sessions, children received a5 ma. skin shock contingent on 
bar pressing, some of which were preceded by the administration of 40 units of a 
vasopressin analogue (i. e., DDAVP). During the sessions when shock was administered 
without prior administration of vasopressin, bar pressing did not decrease in frequency, 
suggesting that the children did indeed have a deficit in passive avoidance learning. 
However, following prior administration of vasopressin, the rate of bar pressing declined 
during the punishment sessions, suggesting that vasopressin may be effective in treating 
SIB. However, when DDAVP was administered daily to one of the individuals over one 
week, SIB was found to increase in frequency suggesting that vasopressin was, in fact, 
ineffective for decreasing SIB despite its effects on enhancing avoidance learning. 
Bull & LaVecchio (1978) implemented a cognitive-behavioural intervention using a 
combination of extinction, "systematic desensitisation" (i. e., gradually removing the child's 
restraints) and "relaxation training" (aided with the administration of nitrous oxide) to 
decrease the SIB shown by a 10 year old child with Lesch-Nyhan syndrome. During 15 
one-hour treatment sessions, all recorded behaviours (e. g., actual biting, biting attempts, 
head banging) which were rated according to whether they were considered to be mild, 
moderate or severe, decreased to zero levels. Gilbert, Spellacy & Watts (1979) also 
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conducted an extinction and DRO intervention in 18,20 to 30 minute treatment sessions, 
following 4,20 minute baseline observations. Results indicated that SIB decreased to zero 
levels but returned after two weeks when the child's mother implemented the programme 
at home. Wurtle, King & Drabman (1984) also used a cognitive-behavioural approach to 
reduce the SIB of a 13 year old child with Lesch-Nyhan Syndrome. Interestingly, when 
asked what happened before the child self-injured, the child said that his leg and stomach 
muscles become tense and that he could hear a man's voice (which sometimes apparently 
"sounded like the devills") in his head telling him to bite himself. By using a combination of 
extinction, relaxation training and the use of protective devices (i. e., a mouthguard and 
cycling gloves) a decrease in the frequency of SIB was reported over the 6 week treatment 
period and at a 6-month follow-up. 
In summary, the study of SIB in Lesch-Nyhan syndrome may offer a unique opportunity to 
determine whether or not some SIB has a biological basis. However, it remains unclear as 
to precisely why individuals with Lesch-Nyhan syndrome show SIB. Even if this was 
understood, it is unclear whether this would help to explain why individuals without 
Lesch-Nyhan syndrome show forms of SIB besides finger and lip biting. Also the fact that 
behavioural interventions have been shown to be effective in eliminating the SIB in some 
individuals with Lesch-Nyhan syndrome suggests that environmental factors may also have 
been involved either in its origin or in its maintenance. 
3.2.2.2. De Lange Syndrome 
Two reports, published in 197 1, suggested that there may also be an association between 
SIB and the De Lange syndrome (first described in 1933 by Cornelia De Lange). In the 
first of these, Shear, Nyhan, Kirman & Stem (197 1) described two boys with De Lange 
syndrome, aged 8 and 5, both of whom showed SIB severe enough to produce tissue 
damage. The first child had begun pulling and scratching at his chin and chest at 4 years, 
showed thumb biting at 5 years (preceded by finger sucking at 4 years), biting of all fingers 
at 6 years and began lip biting soon afterwards. The other child had begun picking at his 
face at 3 years and had started lip biting at 4 years (producing tissue damage). In the 
second report, Bryson, Sakati, Nyhan & Fish (197 1) documented 4 cases (3 female, I 
male), aged 15 to 18, all of whom showed SIB (3 other cases in the same hospital also had 
the diagnosis but did not show SIB; the age of these cases was not given). One child first 
showed SIB by picking at her eyes, followed by face hitting, progressing to arm biting and 
then to tongue biting. Another child began SIB by scratching her hands, and biting her 
finger and knees. The child then showed "compulsive hitting of her face hard enough with 
her fists to cause a loud cracking noise" which then led to self-kicking when her arms were 
subsequently restrained. Another child began by hitting her face with her fist which was 
then followed by hand licking and cheek rubbing which caused the skin tissue to break 
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down. The final case began SIB by having tantrums, arching his back and hitting his hands 
on the floor. He then picked and scratched his feet and shoulders. Interestingly, none of 
the individuals in this report showed lip biting. Bryson et al. (197 1) did however note how 
the SIB appeared "casual" compared to the "disturbing ferocity" of SIB seen in children 
with Lesch-Nyhan syndrome. 
Johnson, Ekman, Friesen et al. (1976) also noted how the SIB of 9 individuals with De 
Lange syndrome, aged 5 to 25, appeared to be "self-programmed" each showing a 
particular individualistic form which was "unrelated to the environment". Specifically, 
Johnson et al. (1976) analysed videotapes of each case taken in eight experimental settings 
(i. e., "alone", "social interaction with stranger", "task-object", "pick up and hold", "toy", 
"swing-and-bounce", "social interaction with mother", and "twirling in chair") recording 
45-60 min of observations for each case. In all cases, the authors considered the social 
responses of the cases (either to a stranger or to the mother), to be "negative" whereas the 
cases showed "positive" reactions to the stimulation conditions. SIB in the form of hand to 
head hitting was noted in 7 of the nine cases and occurred more frequently in the 
"interaction with mother" conditions. 
By contrast, Beck (1987) found that only 6 out of a group of 36 individuals, aged 5 to 57, 
showed SIB, all of whom showed finger biting, indicating that the prevalence of SIB in De 
Lange syndrome may not be as high as first thought. Questionnaire data from 138 cases, 
aged I to 3 9, reported in an unpublished paper by Gualtieri (1990) showed that 64% of 
cases showed SIB with a further 10 having shown SIB in the past. Indeed, Gualtieri 
(1990) described SIB in De Lange syndrome as "not at all similar to the Lesch-Nyhan 
syndrome". When asked about the motivation for SIB, the majority of parents reported 
that SIB occurred in response to "anger" (in 53 cases), whereas it occurred in response to 
"frustration" in 32 cases, "when sick" in 30 cases, to "demands" in 22 cases, for "attention" 
in 18 cases and in response to pain in 8 cases. Interestingly, 71 cases were described as 
having a "high" pain threshold, 17 a "low" pain threshold and 29 a "normal" threshold. The 
most common topography of SIB shown by the cases was found to be self-biting (27), 
followed by hitting or slapping (20), hair pulling (15), head banging (11), picking, (10), 
scratching (5) and gouging (5). However, none of the cases had produced tissue damage 
to the same extent as that seen in Lesch-Nyhan syndrome. When asked about when SIB 
first occurred, 45% of cases had begun to show SIB at ages 2,3 or 4 with the problem 
becoming "severe" at 5 to 8 years. On the basis of these results, Gualtieri (1990) 
speculated that SIB may represent "a minor phenotype, or a proclivity, that may interact 
with circumstances in a particular way, and thus become a major difficulty". (P. 246). 
Two studies have appeared which have shown that SIB in De Lange syndrome may also 
be maintained by environmental factors. For instance, Singh & Pulman (1979) described 
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how a 13 year old child's head and face slapping decreased following the introduction of a 
DRO programme and was reduced by over 99% when the DRO was combined with a 
punishment procedure. Menolascino, McGee & Swanson (1982) also showed that a 14 
year old child's skin picking decreased to zero levels when the child was required to 
"engage continuously in a task". Although the author's interpreted the results in terms 
if gaining instructional control through tolerance and warmth", it seems likely that the 
effects were due to escape extinction. However, no prior functional analysis was 
conducted in either study. 
In summary, although early studies suggested that SIB in De Lange syndrome appeared to 
be as prevalent and as severe as that seen in Lesch-Nyhan syndrome, later studies have 
suggested that this may not in fact be the case. If SIB in De Lange syndrome is indeed a 
"minor phenotype" as suggested by Gualtieri (1990), it may indicate that biological factors 
are necessary but not sufficient to "cause" SIB to occur. Clearly, it would be interesting to 
compare the characteristics of those individuals with De Lange syndrome who show SIB 
to those who didn't. Further research on this group is therefore clearly warranted. There 
has also been some indication, however, that SIB may be also associated with a number of 
other syndromes, namely Rett syndrome, Gilles de la Tourette syndrome, Prader-Willi 
syndrome and Smith-Magenis syndrome (Oliver, 1993). 
Two studies have documented the association between Rett syndrome and SIB (Coleman, 
Brubaker, Hunter & Smith, 1988; Sansom, Krishnan, Corbett & Kerr, 1993). In both 
studies SIB occurred in just under half of the cases (i. e. 49% in both studies) with "biting 
fingers and hands" being the most commonly reported topography in the Sansom et al. 
(1993) study. However, in most cases the SIB was considered to only be "mild". It is 
interesting to note whether or not the raised incidence of SIB in Rett syndrome may 
somehow be connected to the characteristic "hand-washing" behaviour shown by all cases 
(see Oliver, Murphy, Crayton & Corbett, 1993 study, reviewed in Chapter 4). Again, 
further research in this area is warranted. 
Five studies have examined the relationship between SIB and Gilles de la Tourette 
syndrome (Moldofsky, Tullis & Lamon 1974; Nee, Caine, Polinsky et al. 1980; Robertson, 
Trimble & Lees, 1989; Stefl, 1984; Van Woert, Jutowitz, Rosenbaum & Bowers, 1976). 
Although the methodologies differed between studies, estimates for the incidence of SIB 
have been surprisingly consistent, ranging from 33% (Robertson et al. 1989) to 53% 
(Moldofsky et al. 1974). Although some forms of SIB shown by these individuals were 
similar to those shown by individuals with developmental disabilities (e. g., head banging 
and body hitting) in other cases the topography was distinctly different and more severe 
(e. g., placing fingers on a hot stove, and biting tongue, cheek and lips). Robertson et al. 
(1989) also described four additional patients, 3 of whom engaged in severe eye poking 
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which resulted in permanent visual impairment and a fourth case who engaged in such 
severe head shaking that he lost consciousness and died at the age of 18. 
Two studies have also commented on the relationship between Prader-Willi syndrome and 
SIB (Whitman & Accardo, 1987; Thornton & Dawson, 1990). In both studies the 
predominant topography of SIB was found to be skin picking occurring in 57% of cases in 
the Whitman & Accardo, (19 8 7) study and in 81% of cases in the Thornton & Dawson 
(1990) study. The skin picking has been noted to be particularly severe and to cause 
persistent sores, deep craters, infections and severe bleeds (Hellings & Warnock, 1994) 
seemingly unlike that shown by individuals with developmental disabilities. 
Two studies have documented the association between Smith-Magenis syndrome and SIB 
(Finucane, Konar, Haas-Givler et al. 1994; Greenberg, Guzzetta, Montes de Oca-Luna et 
al. 1991). In the Greenberg et al. (1991) study 67% of cases engaged in SIB, 
predominantly in the form of pulling out fingernails and toenails, a behaviour not 
commonly found in individuals with developmental disabilities. Following "detailed 
observations", Finucane et al. (1994) documented how II individuals showed a variety of 
"self-hugging" behaviours which appeared to occur predominantly when the individual 
concerned became "excited". However, it is unclear from the report how many individuals 
showed SIB. 
In summary, it is clear that the study of individuals with specific syndromes may offer an 
additional avenue of research into the determinants of SIB. Whilst particular fon-ns of SIB 
(e. g., lip and finger biting) may be related to particular syndromes (e. g., Lesch-Nyhan 
syndrome) other forms of SIB are also shown by these individuals. A significant 
proportion of individuals with particular syndromes, however, appear not to show SIB, 
suggesting that additional factors may be involved in its appearance. One such possibility 
may be the involvement of particular neurotransmitters. 
3.2-3. "Neurotransmitter" hypothesis 
Several studies have been conducted on individuals with developmental disabilities in order 
to determine whether or not SIB may be the result of neurotransmitter disturbance in the 
brain. In particular, 3 neurotransmitter systems have been implicated in SIB, namely, the 
serotonergic system, the opiatergic system, and more recently, the dopaminergic system. 
Support for each hypothesis will be reviewed below. 
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3.2-3-1. Serotonergic hypothesis 
The majority of early support for the serotonergic hypothesis came from studies which 
have involved individuals with Lesch-Nyhan syndrome. (No "neurotransmi"tter" studies of 
SIB have been conducted on individuals with De Lange syndrome). These studies noted 
that SIB appeared to decrease in frequency or intensity following the administration of 
drugs designed to increase serotonin levels in the brain, suggesting that SIB may occur as 
a result of depleted serotonin levels. In the first of these studies, Mizuno & Yugari (1974) 
administered 1-8 mg/kg body weight of L-5-hydroxytrytophan (or 5-HTP), a serotonin 
agonist, to 4 children with Lesch-Nyhan syndrome, aged I to 12 years over a 36 week 
period Using a6 point rating scale, the frequency of SIB decreased to zero in all cases 
after 3 days following the administration of the drug. Levels of 5-HIAA (a serotonin 
metabolite) were not different from control children suggesting to the authors that 
metabolism of 5-HTP was not impaired but rather, that depleted serotonin levels (possibly 
resulting from the purine metabolism error associated with Lesch-Nyhan syndrome) 
"caused" SIB. 
In a subsequent study, Nyhan, Johnson, Kaufinan & Jones (1980) administered 4-30 
mg/kg of 5-HTP (together with carbidopa and imipramine to improve serotonin uptake) to 
9 children aged 5 to 14 years who showed SIB. On the basis of II "behavioural 
judgements" made by observers viewing segments of videotape, 7 of the children showed 
"clear evidence of improvement" within two days of treatment. However, in all cases, 
tolerance developed within I to 3 months. A similar effect was also noted by Castells, 
Chakrabarti, Winsberg et al. (1979). Interestingly in this case, treatment with 5 -HTP (24 
mg. twice a day with 12.5 mg. carbidopa) began when the individual was just 5 weeks old 
in an attempt to prevent the onset of SIB. After 60 days, the dose was then increased to 24 
mg. four times a day but, when the child was 18 months old, the child's mother stopped the 
treatment and SIB (in the form of lip biting) appeared shortly afterwards. Although SIB 
apparently "disappeared" when the treatment was reinstated, 5-HTP was again 
discontinued for two weeks (by the authors) while the child underwent probenecid tests 
(which showed low levels of serotonin) and SIB appeared "almost immediately". However, 
when 5-HTP was reintroduced, lip biting continued, although "some improvement was 
noted". However, the treatment was discontinued 3 months later. 
Despite the apparent success of 5-HTP in decreasing SIB in these studies, other studies 
have not reported beneficial effects. For instance, Anderson, Herrman & Dancis (1976) 
administered 4-30 mg. /kg. of 5-HTP either alone (in one individual) or mi combination with 
carbidopa to a further 3 individuals with Lesch-Nyhan syndrome, in a double-blind 
placebo-controlled study, observing the effects on SIB "attempts" in 30 minute 
observation periods. Results showed that in all cases, SIB remained at baseline levels, 
74 
Aetiology 
indicating that 5-HTP was ineffective in decreasing SIB. Similarly, Frith, Johnstone, 
Joseph et al. (1976) administered 8 mg. /kg of 5-HTP to a 6Y2year old boy with Lesch- 
Nyhan syndrome in a double-blind placebo-controlled study over a 14 week period. 50 mg. 
carbidopa was also administered. The level of SIB, mood and activity was recorded using 
rating scales based on 15-minute observations of the individual. Results indicated that the 
drug had no effect on the individual's SIB or mood but did reduce the child's "activity" 
levels, suggesting that 5-HTP, in fact, may only have had a sedating effect. More recently, 
Nyhan (1994) administered I mg. /kg fluoxetine (or Prozac), a serotonin reuptake inhibitor 
to an 8 year old boy with Lesch-Nyhan syndrome and reported that it had no effect on 
SIB. 
In summary, support for the serotonergic hypothesis in individuals with Lesch-Nyhan 
syndrome has been mixed, suggesting that other neurotransmitter systems may also be 
involved in SIB. However, some recent studies have also tested the serotonergic 
hypothesis in individuals without Lesch-Nyhan syndrome, producing more encouraging 
results. For instance, Bodfish & Madison (1993) administered fluoxetine over a period of 5 
to 7 months to 16 individuals, aged 21 to 43,9 of whom showed SIB. Interestingly, all of 
the individuals were also receiving behavioural interventions for their behaviour at the time 
of the trial and of the 9 individuals who showed SIB, 7 had received a diagnosis of 
obsessive compulsive disorder (using a set of diagnostic criteria devised by the authors). 
After a four month baseline period, each individual initially received 20 mg. Fluoxetine 
which was subsequently increased each day by 20 mg. either until a therapeutic response 
was noted or a maximum dose of 80 mg. per day was administered over aI to 3 month 
period. Episodes of SIB that "required staff intervention" were recorded by care-staff 
throughout the trial. Results indicated that SIB decreased during fluoxetine administration 
in 7 individuals, all of whom had received a diagnosis of obsessive compulsive disorder, 
suggesting that fluoxetine may only be efficacious in a subgroup of individuals who have a 
diagnosis of OCD. 
Beneficial effects of fluoxetine were also reported by Ricketts, Goza, Ellis et al. (1993). 4 
individuals, aged 26 to 37 were administered 20-60 mg. fluoxetine over varying periods of 
time (up to 70 weeks) at varying doses. Although the method of data capture and details 
as to whether the observers were blind to drug status were not reported, results showed 




3.2-3.2 Opiatergic hypothesis 
Support for the opiatergic hypothesis comes mainly from studies conducted with 
individuals with developmental disabilities which have shown that SIB decreases following 
administration of drugs which block the effect of endogenous opiates in the brain. It is 
inferred from this that individuals engage in SIB because they are "addicted" to the 
subsequent opiate release. In addition, the release of endogenous opiates is presumed to 
act as an analgesic thereby "allowing" the individual to continue engaging in SIB. In the 
first of these studies, Sandman, Datta, Barron et al. (1983) administered the opiate 
antagonist, naloxone, (in 0.1,0.2 and 0.4 mg. doses), to two developmentally disabled 
individuals aged 20 and 26, using a double-blind cross-over design. Both individuals had a 
history of chronic SIB. By conducting observations of each individual for I V21iours, using 
aI minute time sampling procedure, results indicated that SIB decreased in frequency 
following administration of naloxone but returned to baseline levels after 70-80 minutes in 
both individuals. In one of the individuals, naloxone also decreased the frequency of self- 
restraint. Sandman et al. (1983) interpreted the results in terms of both the analgesic and 
addictive properties of endorphins serving to maintain SIB. 
In a second study testing the opiatergic hypothesis, Barron & Sandman (1983) examined 
the effects of "sedafive-hypnotic medication" (prescribed to individuals when they were 
receiving clinical examinations) on the subsequent behaviour of 100 developmentally 
disabled individuals, aged 9 to 26, who showed either SIB (n = 18), stereotypy (n = 40), 
SIB and stereotypy (n = 22) or neither behaviour (n = 20). Specifically, on the basis of 
"behavioural observations", individuals were classified according to whether they showed a 
"paradoxical" response (i. e., they maintained wakefulness and showed resistive, combative, 
restless, uncooperative, or abusive behaviour) or a "normal" response (i. e., they appeared 
sedated) to the medication. Results indicated that 68% of the individuals who showed SIB 
and stereotypy appeared to show a "paradoxical" response to their medication whereas 
only 35% of the individuals who showed SIB and 39% of the individuals who showed 
stereotypy showed a paradoxical response. Further, none of the individuals who showed 
neither behaviour showed a paradoxical response. On the basis of these results, Barron & 
Sandman (1983) speculated that "the endogenous opiate system is involved... since marked 
likenesses between the sedative-hypnotics and opiates have been found" (p. 184). This can 
be considered somewhat speculative and therefore constitutes only indirect support for the 
opiatergic hypothesis. 
Richardson & Zaleski (1983) administered naloxone (in I mg. /30 ml. and 2 mg. /30 ml. 
doses) to a 15 year old boy whose behaviour was "very similar to people with the Lesch- 
Nyhan Syndrome". Observations of SIB "attempts" were conducted in 15 minute blocks 
over 3 days with naloxone being administrated intravenously on the 2nd and 3rd days of 
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the trial at midday. Results indicated that attempts to engage in SIB occurred in nearly all 
of the time blocks during administration of the naloxone but moderately decreased in the 
evenings and at nightime on both days. However, baseline levels of SIB on the first day 
were only reported for the evening and nightime periods. The authors suggested that SIB 
continued to occur during administration of naloxone as a result of extinction and that 
"paradoxical pain-inducing behaviour ... maintains elevated endorphin/enkaphalin levels 
thereby preventing a morphine-like withdrawal syndrome". (p. 10 1). However, given that 
SIB was prevented from occurring during the trial, it is unclear why SIB should have 
decreased (i. e., pain would not have occurred). 
In a second single case study, conducted by Davidson, Kleene, Carroll & Rockowitz 
(1983) an 8-year old boy, received a total of 12 inj ections containing either saline, 0.15 
mg. or 0.075 mg. of naloxone for the first three days of the trial followed by 12 injections 
over the final two days. Observations were conducted for 5 minutes by the child's mother 
10,40 and 70 minutes after administration. Results indicated that naloxone had no effect 
on levels of SIB observed although the authors noted that the intensity of the SIB 
appeared to have decreased, stating that "the child appeared to wince more often" when 
SIB occurred. Interestingly, Davidson et al. (1983) suggested that the administration of an 
opioid agonist (as opposed to an antagonist) should have similar effects on SIB since it 
would ultimately produce tolerance, thereby preventing the analgesic effect of P-endorphin 
from occurring. 
Gillman & Sandyk (1985) and Sandyk (1985) administered 1.2 mg. of naloxone to two 
individuals aged II and 17. In both cases, naloxone dramatically reduced SIB within 5 to 
15 minutes. However after 45 minutes, SIB quickly returned to baseline levels, confirming 
the fact that a significant limitation in the use of naloxone is its rather short half-life (see 
below). Because of this, subsequent studies have employed the oral equivalent of 
naloxone, naltrexone, which is known to have a longer half-life. For instance, Herman, 
Hammock, Arther-Smith et al. (1987) administered 0.5 to 2.0 mg. of naltrexone in 
increasing doses to 3 individuals aged 10 to 17 (one of whom had Gilles de la Tourette 
syndrome). On the basis of observations conducted in 5,1 minute blocks 2 hours after 
administration of the drug, dose-dependent decreases in SIB were observed, with the 
effect most dramatic for the individual who showed the highest level of SIB at baseline. 
However, the highest dose of naltrexone had less of an effect on two of the individuals. 
Bernstein, Hughes, Mitchell & Thompson (1987) compared the efficacy of naloxone and 
naltrexone by administering both drugs sequentially to the same individual, an 18 year old 
man with developmental disabilities. Interestingly, during both trials, an ongoing 
behavioural intervention was also implemented (i. e., a5 minute time out procedure was 
conducted on a FR5 schedule). Following administration of 0.5 to 1.0 mg. naloxone over 
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10 days in an open trial and with care-staff completing ratings of SIB each day in one of 3 
five hour periods, results showed a 50% decrease in SIB. A subsequent double-blind, 
placebo-controlled trial of 12.5 to 50 mg. naltrexone over a 14 day period and based on 
observations conducted by "trained behavior analysts", showed SIB to decrease by 33%. 
Barrett, Feinstein & Hole (1989) also administered 50 mg. naltrexone to a 12 year old girl 
with autism who showed SIB in a double-blind placebo-controlled trial conducted over 48 
days. As in the Bernstein et al. (1987) study, the trial was preceded by a naloxone trial (0.2 
to 0.4 mg. ) conducted over 31 days. Interestingly, a prior functional analysis had been 
attempted without success. Observations were conducted twice daily within I hour 
sessions using an unspecified time-sampling procedure. Although two types of SIB were 
recorded (i. e., "major" and "minor" forms of SIB), presumably to investigate whether or 
not the drugs may have had differential effects, both forms were combined in the analysis. 
During both trials, the child continued to wear protective equipment. Results showed that 
SIB, in fact, appeared to increase in frequency during naloxone treatment, particularly so 
on days when naloxone administration followed placebo administration, suggesting that 
naloxone was ineffective. By contrast, naltrexone decreased SIB to near zero levels which 
continued across a subsequent placebo phase and at 6,12,18 and 22 month follow-ups 
even though the drug had been withdrawn. In interpreting the results, Barrett et al. (1989) 
suggested that, in fact, the results of both trials were entirely consistent with the opioid 
hypothesis, pointing out that the half-life of naloxone (i. e. 81 minutes) would be too short 
to decrease levels of SIB over prolonged periods of time and indeed, may only have served 
to temporarily exacerbate it due to the effects of extinction (i. e., the presumed reinforcer, 
endorphin release, would be temporarily unavailable for short periods). However, due to 
the prolonged action of naltrexone (i. e. 36 hours) sustained decreases would eventually 
occur and be maintained over longer periods (presumably after initial increases in SIB 
were observed on the first few trials). Knabe, Shultz & Richard (1990) obtained similar 
results when they administered 0.8-2.0 mg. /kg of naltrexone to two individuals aged 27 
and 46. In both cases, SIB increased on the first few days after administration (suggesting 
extinction was occurring) and then later decreased. Interestingly, after a 4-week 
discontinuation of the drug in one individual, no initial "aggravation" occurred when 
naltrexone was reintroduced. 
Sandman, Barron & Colman (1990) examined the blood P-endorphin and cortisol levels of 
53 developmentally disabled individuals, aged 19 to 39, who showed either SIB (n = 9), 
stereotypy (n = 17), SIB and stereotypy (n = 14) or neither behaviour (n = 13). In 
addition, P-endorphin levels were examined in an external control group of "normally 
functioning subjects" (n = 17). Taking blood samples in the morning and evening, P- 
endorphin levels were found to be lower in the developmentally disabled group (whether 
they showed SIB, stereotypy, both or neither) when compared to the "normal" control 
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group. However, levels of P-endorphin were found to be higher in the morning for the 
individuals who showed SIB and stereotypy when compared to the individuals who 
showed neither behaviour, thus supporting the endogenous opioid hypothesis. Moreover, 
cortisol. levels were equivalent for all groups suggesting that the raised P-endorphin levels 
could not be attributed simply to stress or pituitary-adrenal dysfunction. 
Sandman, Barron, Chicz-DeMet & DeMet (1990) administered, naltrexone in 0,25,50 
and 100 mg. doses to 4 developmentally disabled individuals aged 23 to 26 who showed 
SIB and stereotypy. Following bi-weekly administration at a particular dose each week for 
four weeks, individuals were observed for 10 minutes each day in the morning and 
afternoon to record rates of SIB, stereotypy and activity levels. Because each individual 
showed differing rates of SIB at baseline, results were analysed in terms of z scores which 
suggested a dose-dependent effect for three of the individuals with SIB decreasing as dose 
increased. There was no effect of naltrexone on the level of stereotypic behaviour 
observed or in levels of activity. 
Zingarelli, Ellman, Hom et al. (1992) administered 50 mg. of naltrexone to 8 "young 
adults" with autism, (6 of whom showed SIB), in a double-bind placebo-controlled cross- 
over study conducted over 17 weeks. Using care-staff records, of the number of 
"episodes" of SIB at the end of each shift, and direct observations conducted for 10 
minutes twice a week using a 15-s interval recording procedure, results indicated that SIB 
remained at baseline levels for all individuals and that naltrexone was "suggestive" of an 
effect in only one case. 
Finally, Thompson, Hackenberg, Cerutti et al. (1994) administered 0,50 and 100 mg. of 
naltrexone over a period of 8 weeks to 8 individuals aged 29 to 49 years who showed 
several topographies of SIB. It is not clear whether the observers were blind to drug 
status. Observational data on the frequency and intensity (rated on a 4-point scale) of the 3 
most frequent topographies of SIB shown by each individual were collected each day in 9, 
5-minute blocks using a bar-code scanner accurate to the nearest 16 seconds. Inter- 
observer agreement data were not reported. Results showed that the frequency or intensity 
of hand-to head hitting, head-to-object banging and self-biting topographies were more 
likely to be affected by the naltrexone than were eye, nose or throat poking, pinching, 
scratching and self-kicking topographies. On the basis of these results, Thompson et al. 
(1994) considered the possibility that those forms of SIB that were not affected by 




Surprisingly, only one study has been conducted to test the opiatergic hypothesis in Lesch- 
Nyhan syndrome. Here, Nyhan (1994) administered 2-4mg. /kg. naltrexone to an 8 year old 
boy with Lesch-Nyhan syndrome, reporting that "no change" in behaviour occurred. 
Figure 3.1. below shows a model of the opioid hypothesis put forward by King, 
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Figure 3.1. Model of the opioid hypothesis of SIB proposed by King et al., (1991). 
In the "congenital opioid excess" hypothesis [A], "SIB emerges from a state of pain 
insensitivity and sensory depression that stems from a physiological (congenital) excess of 
P-endorphin activity". In the addiction hypothesis [B], "SIB is driven by an addiction to a 
relative excess of opiold activity, so that through adaptive changes the individual becomes 
tolerant to high circulating levels of opiold transmitter and actually perceives shortages if 
levels fall. " (p. 692). King et al., (1991) however point out a number of limitations of the 
opioid hypothesis. For instance, King et al. (199 1) suggest that opioid antagonist 
administration should "worsen the clinical picture ... as pharmacological 
deprivation is 
superimposed upon the physiological drive to increase opioid neurotransmission. " In 
addition, they point out that withdrawal symptoms (observed in opiate addicts after 
receiving oploid antagonists) have not been observed in individuals with SIB. 
In summary then, support for the opiatergic hypothesis has been mixed. It seems likely, 
however, that in chronic cases at least, opiatergic neurotransmitters are involved in the 




3.2.3.3. Dopaminergic hypothesis 
Given that the serotonergic and opiatergic hypotheses have received mixed support, recent 
interest has focused on the dopaminergic neurotransmitter system. 
Only one study has been conducted which has implicated the doparninergic system in SIB 
in Lesch-Nyhan syndrome. Here, Goldstein, Anderson, Reubin & Dancis (1985) 
conducted a double-blind, placebo-controlled trial of the doparnine antagonist fluphenazine 
(or prolixin), administering 0.5 mg. over a six week period to one child aged 20 months 
(whose SIB had started just 2 months previously) and 0.25 to 5 mg. over 14 days to 
another child aged 15 years, both of whom had Lesch-Nyhan syndrome. Results showed 
that for the first child, fluphenazine had an immediate and sustained effect, reducing SIB to 
zero levels compared to placebo whereas for the older child, fluphenazine had no effect 
and actually increased levels of SIB over the following 10 days. On the basis of these 
results, Goldstein et al. (1985) considered SIB to be caused by dopamine supersensitivity, 
in particular implicating the D, receptor, suggesting that the "lack of benefit" in the second 
child may have been the result of "behavioural overlay after years of self-mutilation". In 
contrast to this study however, Nyhan (1994) administered 0.12 mg. /kg fluphenazine to 
two individuals with Lesch-Nyhan syndrome, aged 6 and 21 and found no "obvious 
effect" on SIB rates. 
Support for doparninergic involvement in SIB in individuals without Lesch-Nyhan 
syndrome comes from the results of one study conducted by Gualtieri & Schroeder 
(1989). Here, Gualtieri & Schroeder (1989) conducted a trial of fluphenazine on a group 
of 15 individuals with developmental disabilities, all of whom showed severe SIB. 
Following a baseline period (which sometimes included placebo administration) the 
individuals, aged 6 to 46, were initially administered 0.5 mg. of fluphenazine which was 
subsequently increased by I mg. each week either until an "optimal response" was 
achieved, side effects occurred, or a maximum dose of 12 or 15 mg. was received. On the 
basis of "individual behavior observations" (e. g., either "time out of restraint", "time in 
restraint", "SIB attempts when out of restraint", "SIB incidents per month", or "global 
severity") conducted by parents or psychologists over extended periods of up to 3 years, 8 
individuals showed a "sustained" response to the drug (i. e., achieved a reduction of 32% 
or less of baseline or placebo for 6 months or longer), 4 individuals were classified as 
"nonresponders" whilst the remaining 3 individuals were classified "partial responders". 
Interestingly, younger individuals appeared to respond less well to the drug. 2 of the 
responders were found to have low prolactin levels and no EPS (extra pyramidal 
symptoms), suggesting that the site of drug action was, in fact, the D, receptor. 
Again, it would appear that support for the dopaminergic hypothesis has been mixed. This 
is in keeping with the results of other studies which have attempted to determine whether 
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or not specific neurotransmitters are involved in SIB. Although the majority of evidence 
from clinical trials with opiate blockers have demonstrated that opiatergic mechanisms may 
be involved in SIB, there is also some support for dopaminergic and serotonergic 
involvement. Again, it is unclear whether these hypotheses are intended to account for the 
origin of SIB as opposed to its maintenance. It is also important to point out that, as stated 
by Farber (1987), "many of the studies ... 
have been poor and the approaches decidedly 
nonrigorous" (p. 300) arguing that in future, studies should provide more detailed 
descriptions of the patient population, interobserver reliability, description of behaviour, 
timing of observations in relation to medication and so on. 
Despite the preliminary nature of these studies however, DeMet & Sandman (199 1) have 
put forward a tentative "neurotransmitter" model of SIB, implicating both the opiatergic 
and doparninergic systems. The model is shown below in Figure 3.2. 
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Figure 3.2. DeMet & Sandman's (1991) "neurotransmitter" model. 
Essentially, DeMet & Sandman (1991) assume that individuals with SIB have "congenital 
neuronal defects" which results in a permanent upregulation of opiate receptors. This 
upregulation in turn leads to an elevation of pain thresholds (pathway A) resulting in an 
inhibition of striatal doparnine (DA) release (pathway B). In turn, this leads to a depletion 
of synaptic availability and thus "sensory deprivation" occurs. This in turn leads to a 
compensatory upregulation of dopamine receptor activity leading to dopamine receptor 
supersensitivity (which in turn produces stereotypic behaviour (ST)). DeMet & Sandman 
(199 1) also postulate a second mechanism suggesting that, in the hippocampus, opiates 
inhibit inhibitory interneurons and this in turn potentiates dopamine firing rates (pathway 
Q. This model "assumes that a birth defect results in permanent attenuation of b- 
endorphin (BE) release". Thus, opiates appear to have a competing action on different 
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dopamine pathways (striatum vs. hippocampus) which leads to either sensory deprivation 
or addiction which in turn elicits SIB and so on. Clearly, further evidence to support this 
model is needed. 
3.3. Developmental theories 
Developmental theories concerning SIB originated following the work of Kravitz and his 
colleagues in studies conducted on children without developmental disabilities (reviewed in 
Chapter 2). Essentially, the developmental theory views the stereotypic behaviour and SIB 
shown by individuals with developmental disabilities as serving a maturational function, 
similar to behaviours usually found in infancy, but simply delayed in onset. Lourie (1949) 
provided what can be considered one of the first developmental accounts of SIB, stating 
that the "rhythmic patterns of childhood" appeared to serve the purpose of "satisfying an 
instinctual need and facilitating motor and ego growth and development. " (p. 660). He also 
noted several "secondary uses" such as the expression of pleasure, relief of tension and 
anxiety, and "compensatory satisfaction". In the study conducted by Kravitz, Rosenthal, 
Teplitz et al. (1960) on individuals without developmental disabilities, for instance, head- 
banging was found to onset "uniformly" at 8 months in the 135 cases seen at a private 
clinic, suggesting that headbanging reflected: 
"a maturational pattern emerging as an inherent function of the organism in the 
transitional phase from sitting to crawling. " (p. 208) 
Similarly, Kravitz & Boehm (1962) showed that stereotypic behaviour and SIB, similar in 
form to that seen in individuals with developmental disabilities, can also be observed in 
children without developmental disabilities, with the onset of stereotypic behaviour usually 
preceding SIB. As described in Chapter 2, the difference between the two populations 
appears, on the surface, to be that of time scale i. e., topographies of stereotypic and self- 
injurious behaviours in children without developmental disabilities seem to appear and 
disappear over a number of months, whereas in individuals with developmental disabilities, 
topographies tend to persist over a number of years. For instance although all children in 
the Kravitz et al. (1960) study eventually showed handsucking, the onset of handsucking 
in 79 new-born children with birth anomalies was significantly delayed when compared to 
the 140 children studied without birth anomalies. Further, when compared to a group of 
200 "normal" children observed from birth to I year, the "common rhythmic habit 
patterns" (i. e., foot kicking, lip biting, and body rocking) of 12 children with cerebral palsy 
and 22 children with Down's syndrome were found to be significantly delayed in onset. 
In a similar way to Kravitz et al. (1960), Thelen (1979,198 1) also followed-up a group of 
20 children without developmental disabilities from I month to I year. Using a 30-s 
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momentary time sampling procedure, with a coding scheme consisting of 61 codes, she 
documented 47 distinct stereotypic behaviours, with the children engaging in the 
behaviours from 5% to 40% of the time. Stereotypies involving the legs were the first to 
appear at I month, peaking in frequency at 5-6 months. Stereotypies involving the arms 
had a later onset and peaked at 9 months. "Hand and knees" stereotypies appeared to 
"switch on" at 5-6 months whereas "finger movements" occurred at a steady rate across 
the year. On the basis of these results, Thelen (198 1) considered stereotypies to be 
"transition behavior between uncoordinated activity and complex, coordinated voluntary 
motor control" and "reflected some degree of functional maturity of a particular 
neuromuscular pathway but as yet imperfect voluntary control. " (p. 239). 
Only two studies have specifically tested the developmental hypothesis of SIB, producing 
mixed results. In the first of these, Schwartz, Gallagher & Berkson (1986) compared the 
topographical characteristics of stereotypic behavior shown by a group of "non-delayed" 
children to those shown by a group of "delayed" children (matched to the "non-delayed" 
children in terms of developmental age). Specifically, whilst the mean age of the non- 
delayed children was 4 to 9 months and the age of the delayed children was 19 to 22 
months, the developmental age of the delayed children was 6V2 to 9 months. During 
unspecified observations, the children's hand-gazing was rated in terms of duration, 
extension, openness, handedness, hand position and repetition. Similarly, body rocking was 
rated in terms of amplitude, repetition and rate. Results indicated that the hand-gazing of 
the delayed children was greater in terms of its duration and repetition. Further, the body 
rocking of the delayed children was greater in terms of its repetition and amplitude, 
suggesting to Schwartz et al. (1986) that the stereotypic behaviour of the delayed children 
was topographically different from the non-delayed children, and therefore that 
stereotypies "may not develop out of normal repetitive behaviors". The authors pointed 
out however, that longitudinal data on both groups of children was needed. 
In the second study, Wehmeyer (199 1) studied the stereotypic behaviour of 59 "at risk" 
children aged 13 to 36 months, once a month for at least three consecutive months. Using 
a 10-s partial interval recording procedure with a 5-s recording sub-interval, following 3, 
10 minute observations, and using a rating procedure to assess the "atypicality" of 
stereotypy, Wehmeyer (199 1) divided the children into two groups; those whose 
stereotypies could be considered "atypical" (n = 9) and those whose stereotypies could be 
considered "typical" (n = 50). Here, the atypical group showed stereotypic behavior for 
96% of the time and engaged in topographically dissimilar stereotypies (e. g., light/fan 
gazing, head hitting/banging, spinning objects etc. ). Further, the ages of the children in the 
atypical group were over 2 years. The typical stereotypy group showed stereotypic 
behaviour for only 35% of the time and engaged in stereotypies considered similar to 
normal infants (i. e., torso, head, arm, hand and finger stereotypies). Here, although 
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stereotypies were delayed in onset and prolonged in duration, they followed a pattern of 
decline similar to that of normal children. Wehmeyer (199 1) considered the stereotypies of 
the typical children to have a "strong neural organization" and to be either "displacement" 
or discharge" activities whereas the stereotypies of the atypical group suggested "a more 
homeostatic function". 
Clearly then, taken together this evidence would tend to suggest that the stereotypic and 
self-injurious behaviour observed in individuals with developmental disabilities is, in fact, 
more than just a "delayed" developmental phenomenon. 
3.4. Homeostasis theories 
Homeostasis theories of SIB attempt to explain its occurrence in terms of either serving 
some kind of regulatory or adaptive mechanism in response to either "under-stimulation" 
or "over-stimulation". Several studies, for instance, have considered SIB to be governed 
by internal rhythms or "neural oscillators". In the follow-up study conducted by Thelen 
(1979,198 1), described above, for instance, 84% of the bouts of stereotypic behaviour 
observed were found to be associated with "presumptive releasing situations", in 
particular, "non-alert states" or "a change of stimuli". Thelen (198 1) thus considered 
stereotypic behaviour to be "facilitated by arousal changes, especially heightened arousal" 
(p. 241). Given that the leg kicking of 8 of the children showed a "lack of variability" when 
videotapes were analysed frame by frame, Thelen (198 1) argued that stereotypic behaviour 
may be "a manifestation of.. intrinsic locomotor patterning" (p. 244). 
In the first of 3 studies designed to test the neural oscillator theory, Lewis, MacClean, 
Johnson & Baumeister (198 1) observed the stereotypic and self-injurious behaviour shown 
by 5 individuals with developmental disabilities, aged 13 to 3 1. Observations were 
conducted for between 8 and 14 consecutive hours over 2 to 3 separate days. Results 
indicated that the bout frequency, mean bout length and bout-length variability of SIB and 
stereotypy, when calculated over successive 2-hour blocks, remained fairly constant, 
indicating minimal influence of external factors. Further, 27 to 69% of bout lengths were 
found to be under 5-sec, suggesting to Lewis et al. (198 1) that: 
"such homogeneity in bout length lent some support to the notion that bursts of 
stereotypic activity are under the control of some neural oscillator" (p. 604). 
In addition, by conducting time-series analysis of the interbout distributions for each 
behaviour, Lewis et al. (198 1) found that, in 3 individuals, SIB and stereotypic behaviour 
occurred in 4 hour cycles whilst in the remaining 2 individuals, the behaviours, occurred in 
2 hour cycles. For all individuals, lesser peaks were also found at bandwidths representing 
1.4 to 2 hour cycles. Lewis et al. (198 1) considered these findings to reflect "a 
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manifestation of the basic rest-activity cycle". (p. 606). In one individual, two additional 
behaviours (i. e., excessive drinking and bathroom use) were found to cycle at different 
wavelengths to stereotypic behaviour and therefore presumably to be governed by a 
different neural oscillator. In another individual, SIB and stereotypic behaviour were found 
to co-occur on the same 4 hour cycle. However, the "lead-lag relationship" (i. e., whether 
SIB preceded or followed stereotypy) was inconsistent across individuals. Although the 
authors stated that they could find no relationship between the individuals behaviour and 
environmental events, they speculated that the 4 hour cycles corresponded to "major 
changes" in the institutional schedule and therefore represented "social entrainment". 
In the second study, Lewis, MacClean, Bryson-Brockmann et al. (1984) investigated the 
relationship between body-rocking and heart rate. Using a device called a "rockometer" 
and simultaneously recording EEG data, the body rocking of 17 individuals, aged 24 to 54 
was observed in an experimental setting in 7,5 minute sessions across 3 days. Although 
the results indicated that there was no relationship between rates of body-rocking and 
heart rate, there was a significant relationship between variability in body-rocking and 
variability in heart rate. Time series analysis of the data indicated that body-rocking peaked 
at one ftequency for all individuals. Further, heart-rate was found to co-occur with body- 
rocking at the same frequency. Again however, the lead-lag relationship was inconsistent 
across individuals. Lewis et al. (1984) interpreted the results in terms of a "cardiac-somatic 
coupling" hypothesis, pointing out: 
"the mechanism by which stereotyped motor behavior and cardiac activity are coupled 
is not clear. It is plausible, however, that the frequency components of cardiac activity 
change during rocking and that these changes reflect the influence of respiration that 
has become entrained to body rocking" (p. 293). 
In the third study, Lewis, Silva & Silva (1995) studied the cyclicity of SIB and aggression 
over a 12-year period. For each of the 12 individuals, aged 23 to 50, "archival" records, 
kept by care-staff which documented the occurrence of "restrictive procedures" employed 
for each behaviour each month were subjected to time-series analysis. For the two 
individuals who showed SIB, SIB was found to cycle at 2 frequencies, namely every 2 to 5 
months. For the individual who showed both SIB and aggression, cross-spectral analysis 
indicated that both behaviours co-occurred at three frequencies, namely, 2.5 months, 5.9 
months and 27 months. Lewis et al. (1995) concluded: 
"A discussion of potential candidates that might act as "zeitgebers" for rhythms in 
aggression or SIB would be speculative. " (p. 442). 
They go on however: 
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"although we have no data to directly support this contention, our bias is that the 
periodicities observed in behaviour reflect the influence of biological processes. " (p. 
443) 
In a similar vein, Francezon, Visier & Mennesson (198 1) reported on the case of a 17 year 
old boy who showed stereotypic behaviour"with possible self-mutilation". Observations 
were conducted by care-staff for five minutes every hour each day for 14 months. Results 
indicated that the frequency of stereotypic behaviour showed "cyclic shaped variations" 
every 1 V2 to 2 months. Further, although the individual's SIB was seen to decrease over 
the course of the observations, SIB peaked during the summer months of the study and 
was low during the winter months. Francezon et al. (198 1) considered that this implied 
"rhythmic biological activity" (p. 135), speculating that higher temperatures during the 
summer months may have made the individual "irritable" and therefore contributed to his 
increased rates of SIB. However, given the time sampling method of recording and the fact 
that no environmental variables were included in the coding schedule, these results should 
be interpreted cautiously. 
In the first of three similar studies designed to test "stage I" of Guess & Carr's (199 1) 
model of SIB (see Chapter 5), Guess & Carr (199 1) found that individuals with profound 
developmental disabilities who showed high rates of stereotypy (i. e., 40% of the time on 
average) showed "a tighter and possibly more rigid repertoire of movement between state 
conditions" (p. 303) whereas individuals who engaged in low rates of stereotypy (i. e., 2% 
of the time on average) were more likely to shift between state conditions. Guess & Sailor 
(1993) considered these results to suggest that stereotypic behaviour may "function as a 
very strong attractor that is somewhat resistant to perturbations". 
in the second study Guess, Roberts, Siegel-Causey et al. (1993) collected behaviour state 
data on 25 individuals aged 3 to 2 1, the developmental age of the individuals being under 
12 months. Each individual was observed for up to 5 hours in 21,14 minute continuous 
sessions using a 5-s interval procedure with a 5-s recording sub-interval. Environmental 
data was also collected concurrently by another observer. Individuals were found to 
engage in the "awake active/stereotypy" state for 13% of the time on average and to 
engage in the "crying/agitation" state (which included SIB) for 3% of the time. Lag 
sequential analysis of the data indicated associations within sleep states (i. e., deep sleep, 
shallow sleep, and drowse) and awake states (i. e., awake inactive-alert, daze, awake 
active-alert) but not between sleep and awake states, suggesting to Guess et al. (1993) that 
this was "indicative of a dysfunctional CNS". In fact, closer inspection of the lag analysis 
data shows that there was no association between the state that included stereotypic 
behaviour and the state that included SIB. Further, using time-series analysis, there was no 
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evidence of behavioural cyclicity, suggesting to Guess et al. (1993) "minimal, if any, 
influence of internal factors in the cyclical regulation of state occurrences". (p. 644). Guess 
et al. (1993) continued, 
"one cannot conclude from this finding, however, that internal factors and conditions do 
not influence or regulate the overall state behaviour of these students" (p. 644) 
speculating further that behaviour states may be randomly ordered according to "chaos" 
principles. In support for this contention, Guess et al. (1993) found that only 5% of 
environmental events were associated with any behaviour state and that the individuals 
spent most of the time without any social interactions. 
In the third study, Guess, Roberts, Siegel-Causey & Rues (1995) observed 66 individuals 
(6 of whom engaged in SIB) aged I to 21, each for 5 hr periods, collecting behaviour state 
data in real time. Although the results were in agreement With previous studies they also 
indicated that individuals who engaged in stereotypic and self-injurious behaviour had 
higher developmental ages and that interactions with adults and peers "interrupted" SIB 
and "moved thern-into Al and A2 [alert] states". Taken together, these results are broadly 
in agreement with what had been predicted by Guess & Carr (199 1) (see below). 
Some investigators have also considered the role of "arousal" in SIB. For instance, 
Williams & Surtees (1975) described the relationship between arousal and stereotypic 
behaviour as following a "U-shaped" curve. The model is shown below in Figure 3.3. 
g; 
'Retardate' 'Normal' 'Autistic' 
Boredom Stress 
do- ý Arousal W- 
Figure 3-3. Williams and Surtees'(1975) model. 
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Here, the model implies that the individual maintains an optimal level of arousal by 
engaging in stereotypic behaviour. Specifically, individuals with developmental disabilities 
engage in high rates of stereotypic behaviour in order to increase their low level of arousal 
whereas individuals with autism engage in high rates of stereotypic behaviour in order to 
decrease their high level of arousal. However, as Williams & Surtees (1975) pointed out, 
there is, in fact, little evidence to suggest that individuals with autism have high arousal 
levels. 
In a test of the "arousal" hypothesis, Young & Clements (1979) obtained simultaneous 
measurements of heart rate variability and the "complex hand movements" shown by 3 
children, aged 7 to 13 years, while they were exposed to a "restricted" environment, an 
"enriched" environment and a "treatment" condition. Contrary to predictions based on the 
"arousal-reduction" hypothesis, results showed that the children engaged in stereotypic 
behaviour most often in the "restricted" environment and that complex hand movements 
were associated with decreased heart rate variability. However, rocking behaviour (which 
was also measured) was found to be associated with increased heart rate variability, 
suggesting to Young & Clements (1979) that some topographies of stereotypic behaviour 
may have served to increase arousal levels whereas others may have served to reduce 
arousal levels. Thus, they argue, "caution must be exercised when interpreting the 
significance of behaviours labelled as "stereotyped". " (p. 86). 
Repp, Karsh, Deitz & Singh (1992) observed the stereotypic behaviour of 12 individuals 
with developmental disabilities, aged 10 to 2 1, over 5 days recording levels of stereotypic 
behaviour, "other movements" and "no movements" in real-time in 5-hour periods. 
Although the individuals were observed to engage in stereotypic behaviour for between 22 
and 74% of the time, for 5 individuals, fairly constant levels of stereotypic behaviour were 
recorded across days suggesting a homeostatic interpretation. However, environmental 
events were not recorded. 
In summary, although there is some support for the homeostatic regulation theory of 
stereotypic behaviour and SIB (either by a neural generator or arousal), it is difficult to see 
how the theory could be tested ftuther. Newsom & Lovaas (1987) have suggested that, in 
fact, the homeostasis theory has received little firm empirical support and that studies 
demonstrating the effects of sensory extinction (reviewed below under operant theories) 
are difficult to explain from a homeostatic viewpoint. 
For instance, in a reply to Lewis and his colleagues, Newsom & Lovaas (1987) stated: 
89 
Aetiology 
,, we can only conclude that this emperor [the homeostatic theory] is too scantily clad to 
be out in public at the present time... this is not a-theory, but, at most, a guess about 
where to start looking. " (p. 261) 
Indeed, Lovaas, Newsom & Hickman (1987) considered the arousal theory to have 
"serious theoretical limitations" pointing out that it has been "comparatively sterile in 
generating intervention strategies" (p. 59-60). They argue that whilst some studies have 
shown that arousal may coincide with stereotypic behaviors, they have failed to show that 
it actually elicits the behavior. Further, they argue, arousal is merely an intervening variable 
which could easily be explained in operant terms (i. e., arousal could be considered a 
noncontingent aversive stimulus). Interestingly, Williams & Surtees (1975) also noted "the 
growing dissatisfaction amongst certain theorists over the use of such 'internal' concepts as 
arousal". Consequently, the authors noted their preference for the term "stimulus level" 
and replaced "arousal" with "stimulus level" in their model shown above. Clearly, as we 
shall see, the distinction may be more than just a semantic one. 
3.5. Operant theories 
In an article reviewing the various theoretical accounts of SIB, Baumeister & Rollings 
(1976) stated: 
"[operant] theory, by far, offers the most explicit (and testable) hypotheses concerning 
the origins and maintenance of SIB" (p. 10). 
Essentially, the theory views SIB as a learned behaviour or operant (i. e., behaviour that 
operates or acts on the environment to produce reinforcing consequences). As described in 
Skinner (1953): 
"events which are reinforcing are of two sorts. Some reinforcements consist of 
presenting stimuli, of adding something - for example, food, water, or sexual contact - 
to the situation. These we will call positive reinforcers. Others consist of removing 
something - for example, a loud noise, a very bright light, extreme cold or heat, or 
electric shock - from the situation. These we will call negative reinforcers. In both cases 
the effect of reinforcement is the same - the probability of response is increased. " (p. 
73). 
Thus, environmental events can be reinforcing if they are presented and/or removed 
contingent on SIB. In social interactions, Skinner (1953) suggested: 
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of several important generalized reinforcers arise when behaviour is reinforced by other 
people. A simple case is attention. The child who misbehaves 'just to get attention' is 
familiar. The attention from other people is reinforcing because it is a necessary 
condition for other reinforcements from them". (p. 78). 
Thus, one part of the operant hypothesis states that an individual shows SIB in order to 
receive something "desirable" from others (e. g., attention, food). Therefore, SIB is 
positively reinforced by the contingent presentation of something "pleasant". This has also 
become known as the discriminative stimulus or "cue" hypothesis in that the presence of 
the pleasant stimulus (e. g., an adult, food) can act as a "cue" to the individual to engage in 
SIB, since in the past the presence of the stimulus was correlated with the individual 
receiving something desirable. 
It is clear even from early accounts of SIB that the positive reinforcement hypothesis had 
been considered important in the development of SIB. For instance, DeLissovoy (1963) 
proposed that head rolling shown by children without developmental disabilities, "the 
earliest gross rhythmic activity pattern", may have led to the development of head-banging 
in the following way: 
"once the discovery [of head rolling] was made, its repetition was insured because of its 
intrinsic rewarding experience or because it served to obtain mother's attention. " (P. 
112). 
Kravitz et al. (1960) also considered the role of social reinforcement in the development of 
headbanging, stating: 
"Because of the early age of onset, it is unlikely that attention seeking as a primaxy 
factor in head-banging can be argued, but in the chronic cases, this secondary value may 
be significant. " (p. 207). 
A second part of the operant hypothesis (and often less well-known to lay audiences) is the 
avoidance or negative reinforcement hypothesis. Here the hypothesis states that an 
individual shows SIB in order to avoid or escape something "aversive" (i. e., SIB is 
negatively reinforced by the contingent removal of something aversive). As Baumeister & 
Rollings (1976) have pointed out: 
"It may seem strange that an individual would resort to such extreme measures to 
escape or avoid other unpleasant conditions. Yet, the extreme character of this 
behaviour may make it particularly adaptive as an avoidance behaviour, because adults 
find it difficult to ignore. " (p. 10). 
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In this way, engaging in SIB (from the individual's point of view) can be seen as the "lesser 
of two evils" (i. e., the individual engages in SIB in order to escape something more 
aversive). Presumably, this notion is also true of the positive reinforcement hypothesis 
(i. e., the individual engages in SIB in order to "escape" from the absence of something 
pleasant). In this sense, both hypotheses view SIB as an adaptive escape behaviour in that 
it's sole objective is to manipulate the social environment so that the individual can acquire 
a desired reinforcer. 
Since the 1960's, Romancyck (1986) identified 36 review papers on operant approaches to 
SIB. Most notable amongst these are the reviews by Carr (1977), Baumeister & Rollings 
(1976), Frankel & Simmons (1976) and Carr & Durand (I 985a), the latter being 
concerned with the functional analysis of SIB. Many of the papers subjected to these 
reviews will be reviewed in Chapter 4. 
3.5.1. "Communication" hypothesis 
Given that SIB appears to be a social behaviour, several authors have suggested that SIB 
may, in fact, be a "primitive" form of "communication" (e. g., Carr & Durand, 1985a). This 
hypothesis has since become known as the communication hypothesis. Although some 
authors (e. g. Day, Johnson & Schussler, 1986) consider the communication hypothesis to 
be somewhat "premature", in fact, Ferster (196 1) suggested more than 30 years ago that 
SIB closely resembled a mand (i. e., one of Skinner's categories of verbal behaviour). 
[Verbal behaviour can be considered a sub-category of "communication" (Baum, 1994)]. 
The term mand, derived from the words "command", "demand" and "countermand" has 
been defined by Skinner (1957) as: 
"a verbal operant in which the response is reinforced by a characteristic consequence 
and is therefore under the functional control of relevant conditions of deprivation or 
aversive stimulation" (p. 35-36). 
By noting that "the main avenue of social control in a normal repertoire is usually through 
speech" and that in children with autism, there was "almost always.. an inadequately 
developed speech repertoire", Ferster (1961) suggested that when a child wanted "Candy", 
for example, he/she: 




In this way, Ferster (196 1) suggested that SIB resembled a mand because it appeared to 
occur as a result of "deprivation" and "benefited only the speaker". Day et al. (1986) have 
pointed out, however, that a significant obstacle to considering SIB as a form of 
communication concerns the notion of intent, stating: 
"it is our position that SIB should only be considered communicative if it can be shown 
that it was the child's intention to cause another person to intervene to provide the child 
with a desired reinforcer" (p. 12 1). 
Thus, according to Day et al. (1986), if intention is absent, then the behaviour is said to be 
non-communicative. Indeed, because intention is a mentalistic term that cannot be 
observed, Day et al. (1986) maintain that SIB should only be viewed as "communication- 
like". Interestingly, Day et al. (1986) consider that some episodes of SIB may be classified 
as either "perlocutionary" (i. e., where others assign intention to SIB when it is, in fact, 
absent) or "illocutionary" (i. e., where the behaviour is indeed intentional). Day et al. 
(1986) also noted that, since "primitive speech acts" shown in infancy often appear to 
serve either request or protest functions, that SIB which serves an escape function can be 
considered to be a protest whereas SIB which serves an attention function can be 
considered to be a request. Durand (1986) considers both forms of socially-mediated SIB 
to be requests; i. e., SIB is a request for attention and a request for escape. In addition, 
Durand (1986) distinguishes between cognitive intent andjunctional intent i. e., cognitive 
intent is defined as what the person says he wants to communicate whereas functional 
intent is defined as what his/her behaviour says he/she wants to communicate. Thus, SIB 
can be considered to have functional intent. In fact, Skinner (1953) dismissed the notion of 
intent altogether, stating: 
"It is often argued that an act is not so important as the "intent" which lies behind it, or 
that it can be described in terms of what it "means" to the behaving individual... although 
such terms as "meaning and "intent" appear to refer to properties of behaviour, they 
usually conceal reference to independent variables". (p. 36). 
In terms of verbal behaviour then, Skinner (195 7) suggested that the intention of the 
speaker (e. g., whether a mand was a request or a command) could be determined by 
looking at the behaviour of the listener. Thus, a mand could be classified as a request if 
"the listener is independently motivated to reinforce the speaker" whereas it could be 
considered a "command" if the listener "provides the appropriate mediation" in order to 
escape from the "aversive situation (or threat)" established by the speaker. In particular, 
Skinner (195 7) considers how a request can later function as a command: 
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"If the hungry infant cries ... then the 
baby's cry will eventually control the mother's 
behaviour of putting the baby to her breast ... Since we 
have assumed a predisposition on 
the part of the mother to reinforce, and its strength is a function of deprivation, it [i. e., 
the crying] is a request. Eventually the mother may no longer be predisposed to 
reinforce with food, the baby must compensate by creating an aversive condition from 
which the mother can escape only by supplying appropriate reinforcement. The baby's 
cry becomes "annoying" and the mother reinforces because the baby then stops crying. 
The response is no longer a request but a command. " (p. 465). 
Studies which have tested the communication hypothesis will also be reviewed in Chapter 
4. Essentially, if an individual's SIB appears to serve a communicative function, then the 
theory would predict that SIB should decrease when the individual is taught a verbal 
response which serves the same function as the SIB. For instance, if an individual's SIB 
serves an escape function, then teaching the individual to say "Go away! " (a mand) should 
decrease SIB. Similarly, if an individual's SIB serves an attention-getting function, then 
teaching the individual to say "Come here! " should also decrease SIB. Thus, a non-verbal 
form of communication (i. e., SIB) is simply replaced by a verbal form. This has been called 
"functional communication training" or FCT. However, a critical aspect of the 
communication hypothesis which also deserves mention is the notion of response 
efficiency. For example, if the verbal response which is taught is not as efficient as SIB, 
then FCT may be ineffective. Indeed, it has been suggested that the efficiency of a 
response has the following 3 properties (from Homer & Day, 199 1); 
1. the physical effort (defined in terms of "strength required", "number of movements" or 
"duration of the behaviour") 
2. the schedule of reinforcement 
3. the delay in reinforcement. 
For instance, Homer & Day, (199 1) conducted a study in which 3 individuals with 
developmental disabilities, aged 12 to 27, showed problem behaviour (i. e., SIB and 
aggression) that was maintained by escape. Although all 3 individuals were subsequently 
taught functionally equivalent communicative responses to escape from a task, problem 
behaviour decreased in frequency only when the communicative response that was taught 
was more efficient in terms of either effort, schedule of reinforcement or delay in 
reinforcement than the problem behaviour. For instance, for one individual, the individual 
was taught two communicative responses in order to escape from a task, one requiring 
more effort to complete than the other (i. e., the individual was required to sign the 
sentence "I want to go, please" on some occasions and the sign for "break" on others). 
Both responses however received continuous and immediate reinforcement. Results 
showed that only the less effortful response (i. e., signing "break") produced decreases in 
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problem behaviour. Another individual was taught to sign "help" in order to escape from 
the task but was required to sign it three times on some occasions and only once on other 
occasions. Results showed that problem behaviour decreased only when the sign received 
reinforcement on the richer schedule. The third individual was taught to hand over a card 
containing the word "break" in order to escape from a task. However, on some occasions 
the individual was required to wait 20s before escaping whereas on others, escape was 
allowed after only I s. Results showed problem behaviour to decrease only when the 
individual was allowed to escape after a Is delay. 
It is likely then that the efficacy of FCT is dependent on the efficiency of each behaviour in 
the individual's repertoire. Clearly more studies are needed to further examine the notion 
of response efficiency. 
Studies which have tested the positive and negative reinforcement hypotheses of SIB will 
be reviewed in Chapter 4 (functional analysis) and will therefore not be reviewed here. The 
remainder of this chapter will therefore concentrate on another part of the operant 
hypothesis, namely, the "automatic", or "perceptual" reinforcement hypothesis (also 
known as the "self-stimulation" hypothesis). 
3.5.2. "Automatic reinforcement" hypothesis 
The automatic reinforcement hypothesis of SIB states that an individual engages in SIB in 
order to acquire reinforcers which arise "automatically" from engaging in the behaviour 
itself. By definition then, SIB is presumed to be a non-social behaviour (and hence non- 
communicative). For instance, Lovaas et al. (19 8 7) have argued that the perceptual stimuli 
produced by engaging in "self-stimulatory behaviours" can be considered reinforcing, 
stating: 
"self-stimulatory behaviors constitute a class of learned, operant behaviors for which 
the reinforcers are the perceptual stimuli automatically produced by the behavior". 
(p. 47). 
In their perceptual reinforcement theory they put forward three arguments as to why " self- 
stimulatory" behaviors are automatically reinforced learned behaviours, namely that: 
1. they are "so elaborate and idiosyncratic that learning variables must have entered to help 
shape or maintain the behaviors", 
2. they produce "reliable and inevitable consequences" and 
3. "they are high probability behaviors, and so, by definition, are likely to be reinforcing". 
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According to Lovaas et al. (1987) the acquisition of " self- stimulatory " behaviours occurs 
via a self-shaping process in which the individual progressively narrows the topography to 
a final form that "feels right" or "sounds right". They argue that the individual varies the 
topography of individual behaviors from moment to moment in order to vary the 
perceptual feedback, thus preventing satiation. For instance, engaging in hand flapping 
always produces visual feedback but may sometimes produce kinaesthetic feedback. 
Indeed, the number of topographies in the repertoire of some individuals also ensures that 
satiation does not occur. 
In addition, Lovaas et al. (1987) believe that the theory also accounts for why stereotypic 
behaviours, persist in developmentally disabled children but decline in normal children. For 
instance, in developmentally disabled children, the behaviors persist because few 
alternative behaviors are acquired and the option of "doing nothing" is less reinforcing 
stating; 
"As neuromuscular control increases .... infantile ann-waving or 
hand-gazing. --may 
become operant hand-flapping" (p. 5 1). 
Support for the perceptual reinforcement hypothesis originally came from studies 
investigating SIB in children without developmental disabilities. Lourie (1949) for 
example, discovered that the headbanging of 4 children, aged 12 months 46 months, 
stopped when a metronome, set at a tempo equivalent to the child's headbanging was 
introduced beside the child's bed or chair. Lourie (1949) considered the metronome to 
have a "a predominantly distracting value" (p. 657) and that the auditory component of the 
headbanging was thus "its most important componentil. 
In a similar study, deLissovoy (1962) observed the headbanging of 28 children, aged 10 to 
49 months "under normal bedtime conditions". The children were obtained from referrals 
or from personal contacts. To test Lourie's (1949) "metronome" hypothesis, deLissovoy 
(1962) placed a metronome under each child's bed (i. e., so that the child could hear it but 
could not see it), setting it at a tempo equivalent to the child's headbanging. Results 
showed that the metronome produced "no noticeable reaction" in 13 of the children, 
"curiosity or fear" in 7 children, and "several types of reactions" from "some modification 
of rhythm to a dramatic cessation" in the remaining 8 cases, thus producing inconclusive 
results. However, Thelen (198 1) found that in children without developmental disabilities, 
those who showed low rates of stereotypic behaviour had, in fact, received more vestibular 
stimulation from their parents i. e., they were rocked, jiggled, bounced and carried more 
than those who showed higher rates, suggesting that stereotypic behaviour served as 
11compensatory self- stimulatory movements". 
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Meyerson, Kerr & Michael (1967) exposed a four-year old child with developmental 
disabilities who showed severe SIB to several experimental conditions during which the 
child either received "no stimulation", the experimenter "gently scratched the child's back" 
or a vibrating pillow was applied to the child's back. Results showed that SIB reduced 
during the stimulation conditions, suggesting that the SIB was maintained by its sensory 
consequences. The vibratory stimulus was then embedded in the child's pillow which could 
be operated by the child pressing a lever. Results from two, I -hr sessions ran I week apart 
showed that the child continually pressed the lever to obtain the vibration during the first 
session (supporting the stimulation hypothesis) but failed to do over the second session 
suggesting that satiation had occurred. Using the same individual, Bailey & Meyerson 
(1970) demonstrated that, in fact, the application of non-contingent vibration (10 minutes 
continous vibration) was more effective in reducing the individuals SIB than the contingent 
vibration (supplied contingent on the lever press). 
Rincover (1978) provided strong support for the perceptual reinforcement hypothesis 
using a procedure he termed "sensory extinction". 3 individuals aged 7 to 14, who engaged 
in high rates of stereotypic behavior participated in the study. For the first individual, who 
engaged in "plate spinning", it was hypothesised that the noise of the spinning plate served 
to maintain the behaviour (i. e., the individual appeared to "listen to the plate as it was 
spinning", thus gaining auditory feedback). For the second individual, who engaged in 
finger flapping, and the third who engaged in object twirling, it was hypothesised that 
proprioceptive and visual feedback were the maintaining variables. By carpeting a table so 
that the plate spinning of the first individual did not produce any auditory feedback and by 
taping a vibratory mechanism to the back of the other individual's hands so that 
proprioceptive stimuli from the stereotypies would be masked, stereotypic behaviour was 
significantly reduced in the first two individuals and partially reduced in the third. Further, 
when all three individuals were blind-folded (i. e., visual feedback was eliminated), 
stereotypic behaviour remained at baseline levels, suggesting that visual feedback did not 
maintain the behaviours. These data suggested to Rincover (1978) that stereotypies were 
operant behaviours maintained by specific sensory consequences and therefore that 
"current theories suggesting that self-stimulation emerges when the child is 
"underaroused" or "overaroused" do not easily account for these data". (p. 307). 
However, several weaknesses of the study should be pointed out. Firstly, for the two 
individuals whose behaviour was presumably maintained by proprioceptive feedback, a 
competing stimulus (i. e., vibration) was employed as opposed to the proprioceptive 
feedback itself being eliminated. Secondly, hypotheses concerning the presumed sensory 
reinforcer were based on a "best guess" basis and it was therefore unclear whether other 
sensory mechanisms may have maintained the behaviours. Indeed, as Rincover (197 8) 
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pointed out, rates of stereotypic behaviour were reduced by only 50% in the third 
individual, suggesting that it was likely that other sensory reinforcers (e. g., tactile stimuli) 
may also have maintained the behaviour. 
These results were replicated in a second study, conducted by Rincover, Cook, Peoples & 
Packard (1979) in which the sensory consequences which presumably served to maintain 
four individual's stereotypic behaviours were masked in various ways. As before, for the 
first individual, who engaged in hand flapping, a vibratory stimulus was taped to the back 
of the individual's hands in order to mask the hypothesised proprioceptive stimulation. In 
the second individual, who engaged in plate spinning, as before, a table was carpeted in 
order to mask the hypothesised auditory stimulation. For the third individual, who threw 
pieces of string in front of her eyes, the lights in the room were turned off in order to mask 
the hypothesised visual stimulation. Finally, for the remaining individual, who flapped her 
fingers before her eyes, visual and proprioceptive stimulation were masked by requiring the 
individual, in some sessions, to wear a blindfold, in others, to wear a vibratory stimulus 
(taped to the back of the individual's hands) and in others to wear both stimuli. For all 
individuals, stereotypic behaviour was substantially reduced following the introduction of 
the sensory extinction procedures. Interestingly, in the fourth individual, when only one 
sensory modality was masked (i. e., visual or proprioceptive), stereotypic behaviour 
decreased only marginally indicating that both sensory consequences were maintaining her 
behaviour. Further support for the theory was obtained when, following the introduction 
of toys which produced either visual, proprioceptive, or auditory feedback, each child 
played with particular toys that produced their "preferred" form of sensory stimulation 
(i. e., the child whose stereotypic behaviour was maintained by auditory stimulation played 
with a music box). Concomitant reductions in stereotypic behaviour occurred in 3 of the 
individuals which were subsequently maintained at follow-up. 
A further study by Rincover & Devany (1982) provided additional support for the 
perceptual reinforcement hypothesis. Here, the sensory consequences of SIB shown by 3 
children, aged 4 to 4V2, were eliminated by the introduction of protective equipment, 
namely a padded helmet for one child whose SIB was head-banging, rubber "dishwashing" 
gloves for another child whose SIB was self- scratching, and by covering the floor and 
walls with foam-filled mats for the other child whose SIB was also headbanging. It should 
be noted however, that the children were selected "because their self-injury appeared to be 
self- stimulatory " (p. 7 1). In all cases, SIB was virtually eliminated, suggesting that the SIB 
had been maintained by its sensory consequences. As Rincover & Devany (1982) pointed 
out however, a confound of the study concerns the fact that the protective equipment may 
have acquired stimulus control and therefore facilitated the treatment effect. A further 
point concerns the fact that the protective devices may have been aversive to the 
individuals and this may also have facilitated the treatment effect. (Indeed, two individuals 
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apparently had tried to remove the equipment when it was first applied). Rincover & 
Devany (1982) suggested that protective equipment which masked different kinds of 
sensory consequences, should also have been employed. 
In a related study, Favell, McGimsey & Schell (1982) decreased the hand-mouthing, eye 
poking and pica of 6 children and adults, aged 13 to 22 by providing access to alternative, 
more "appropriate" sources of stimulation which presumably competed with the feedback 
provided by the children's SIB. The individuals, who engaged in SIB "when alone and 
unoccupied" were introduced to toys which provided gustatory feedback (for the children 
who engaged in hand-mouthing and pica), and visual feedback (for the children who 
engaged in eye-poking). SIB was eliminated in all cases. 
Edelson (1984) pointed out that the perceptual reinforcement hypothesis may be 
incomplete since the theory fails to account for how the sensory stimulation is in fact 
obtained. He speculated that once SIB occurs, a "lowered sensory threshold" occurs 
around the damaged and surrounding area resulting in primary and secondary 
"hyperalgesia". By pressing the sensitive area, the individual receives "physical input" and 
therefore the sensory reinforcement. He points out that a simple test of the hypothesis 
would be to in ect an anaesthetic to the sensitive area of the skin and to note whether SIB 
decreased. No studies of this type have, however, been conducted. Interestingly, as an 
aside, Edelson (1984) speculated that SIB may begin either when an individual 
"occasionally strikes their head on a wall" when engaged in body rocking or from "typical 
bruises and cuts from their everyday experience with the envirom-nent" (p. 143). 
In another test of the perceptual reinforcement hypothesis, Goodall & Corbett (1982) 
found the stereotypic behaviour shown by 24 children to decrease when continuous white 
light, flashing white light, vibration and sound stimulation was available, thus supporting 
the sensory stimulation hypothesis. However, for four of the children, one form of 
stereotyped behaviour increased in response to the sound stimulation. Further, in three of 
these four children, the increase was accompanied by a decrease in another form of 
stereotyped behaviour, suggesting (as did Young & Clements, (1979)) that a separate 
analysis of the effects of sensory stimulation on each topography of stereotypic behaviour 
was warranted. Similarly, Murphy, Callias & Carr (1986) found that when 20 children (13 
of whom had participated in the Goodall & Corbett (1982) study) with profound 
developmental disabilities who showed stereotypic behaviour were given the choice of 
interacting with one of three specially designed toys (i. e., a panda which would emit a loud 
electronic noise when pressed, a car which vibrated when the seat was pressed and a train 
which would flash a light when pushed along), 5 preferred to play with the car, 2 played 
with the train and 4 played with the car and train, suggesting that the visual and 
proprioceptive components of the toys were reinforcing for these children. 8 of the 
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children were classified as "nonresponders" i. e., did not show a preference for any 
particular toy. Significantly, as a group, stereotypic behaviour decreased (and toy play 
increased) when the sensory component of the toy was available to the children but did not 
do so when the sensory component of the toy was removed. Interestingly, for one child, 
two forms of stereotypic behaviour increased (i. e., head turning and vocalisations) whereas 
other forms decreased (eye poking and thumb sucking) during play with the vibrating car, 
suggesting that individual topographies of stereotypic behaviour should have been 
analysed. 
Lovaas et al. (1987) have, however, pointed out several limitations of the perceptual 
reinforcement theory. Firstly, topographies of stereotypic behaviour that produce 
interoceptive feedback cannot be subjected to experimental control, therefore limiting the 
theory to those topographies that produce exteroceptive feedback only. They point out, 
however, that this limitation would "lose only a few topographies". Secondly, the theory 
would expect all individuals with profound disabilities to engage in self- stimulatory 
behaviors. However, from the results of prevalence studies, this does not appear to be the 
case (see Chapter 2). Thirdly, the theory predicts that the behaviours of children with 
developmental disabilities and normal infants should be topographically similar, i. e., the 
stereotypies of children with developmental disabilities are behaviours that emerge from 
normal repetitive behaviours in infancy and therefore should be similar. However, the 
studies by Schwartz et al. (1984) and Wehmeyer (1991) reviewed above have shown that 
this is not necessarily the case. As Lovaas et al. (1987) pointed out however, in the 
Schwartz et al. (1984) study, although the children with developmental disabilities were 
matched on developmental age to the non-delayed children, in fact, the developmentally 
disabled children were much older than the normal children and had presumably had more 
"practise" at engaging in the behaviors than the non-delayed children, possibly resulting in 
more intensive and topographically different behaviors. 
Other limitations of the perceptual reinforcement hypothesis have been noted by 
Baumeister (1978). For instance: 
"[the self-sti-inulation].. interpretation often seems to be rather uncriticaRy and implicitly 
accepted, as witness the number of articles which refer to "self-stimulatory behaviors". 
Apparently, in the interest of language conservation it is becoming increasingly common 
to hear, in conversation, reference to'self-stim'. " (p. 361). 
He goes on to suggest that, in fact, the perceptual reinforcement hypothesis leads to a: 
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"conceptual circularity in which we may conclude that an environment is nonstimulating 
if stereotyped behaviors are present. That is, the environment that is supposed to 
produce such behavior is defined in terms of the very behaviors it is purported to 
produce -a clearly unsatisfactory definition ... the self- stimulation interpretation seems 
too vague and general, lacking the precision necessary to differentiate critical variables 
that, on the one hand, initiate the behavior, and on the other, maintain it. (p. 362). 
In reply to this argument, Newsom & Lovaas (1987) stated: 
"our case does not require inadequate stimulation as a precondition .... Self stimulation 
retains reinforcing properties in both stimulating and nonstimulating environments ... our 
major crime ... was to propose a behavioral theory instead of a neurological one. To that, 
of course, we plead guilty by reason of sanity, given the current shortage about hard 
neurological facts about interesting human behaviors, especially self-stimulatory 
behavior. " (p. 259). 
In summary, it appears that some forms of stereotypic behaviour and SIB may be 
maintained by automatically produced sensory consequences. Further research is clearly 
needed however, in particular to design further methods to determine precisely what these 
consequences may be. 
Conclusion 
Over the last 30 years then, a number of hypotheses have been put forward to account for 
the origin and maintenance of SIB. These can be summarised as follows: 
" SIB is an attempt by the individual to establish "ego boundaries" and "body reality". 
" SIB occurs because of "guilt" or "loss". 
" SIB occurs as a result of a minor illness e. g., headaches, otitis media, rashes. 
" SIB occurs as a result of unspecified biological factors which are also associated with 
some syndromes. 
SIB occurs due to a dysregulation of certain neurotransmitter systems in the brain such 
as the opiatergic, doparninergic and serotonergic systems. 
SIB is an attempt by the individual to regulate levels of arousal. 
SIB is governed by a "neural oscillator". 
SIB is an extension of behaviours commonly found in infancy. 
SIB occurs in order for the individual to receive something pleasant. 
SIB occurs in order for the individual to escape from something unpleasant. 
SIB occurs in order for the individual to receive sensory stimulation. 
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It is clear from the wide variety of accounts put forward that the aetiology of SIB remains 
poorly understood. However, it is apparent that the operant account still remains the most 





Functional analysis ot stereotypic behaviour and SIB. 
Introduction 
Over the last 30 years, research in the area of "functional analysis" has had a major impact 
on increasing the understanding of the determinants of SIB. Skinner (1953) provides a 
useful definition of functional analysis, stating: 
"The external variables of which behavior is a function provide for what may be called a 
causal or functional analysis. ... The behavior of the individual organism ... is our 
"dependent variable" - the effect for which we are to find the cause. Our "independent 
variables" - the causes of behavior- are the external conditions of which behavior is a 
function. " (p. 35). 
Clearly then, the goal of a functional analysis is to identify the external "causes" of 
behaviour or rather, its environmental determinants. Although the definition implies a 
somewhat unidirectional relationship between "external" events and the behaviour of the 
target individual, it is also important to consider that, in the case of social interactions, a 
bi-directional relationship exists. Thus, as Skinner (195 3) contends: 
"We may analyse a social episode by considering one organism at a time. Among the 
variables to be considered are those generated by the second organism. We then 
consider the behavior of the second organism, assuming the first as a source of 
variables. By putting the analyses together we reconstruct the episode". (p. 304) 
In social interactions then, two analyses are required; one in which the behaviour of the 
target individual is the dependent variable and another in which the behaviour of the target 
individual is the independent variable. It is therefore this complete process, or "systems 
fimctional analysis" (Emery, Binkoff, Houts & Carr, 1983), that is the subject of this 
chapter. 
Kiernan (1973) suggested that a functional analysis can be carried out in a 3-stage 
sequence, namely, 
"I the clear definition of existing behaviours 
2. .... an attempt to clearly specify the stimulus conditions which appear to be related 
to the occurrence and non-occurrence of behaviours... 
3. .... the specification of events which are acting as reinforcing stimuli ...... (p. 266). 
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Methods of assessment which have attempted to fulfil these conditions can be divided into 
3 broad categories, namely : "indirect" methods, "descriptive" methods and "experimental" 
methods Qwata, Vollmer & Zarcone, 1990). Studies employing each particular method 
will therefore be examined in turn, together with their strengths and limitations. 
4.1. Indirect assessment 
Indirect or "anecdotal" methods of assessment usually involve an evaluation of the 
relationship between the behaviour of a target individual and environmental events through 
the use of interviews or questionnaires administered to the parents, care-givers or teachers 
of the target individual. Clearly there are several advantages to conducting a functional 
analysis in this way. Firstly, questionnaires and interviews are relatively easy to administer 
and therefore less costly in terms of assessment time and resources to conduct. Secondly, a 
large number of environmental events potentially associated with the occurrence of the 
behaviour can be discussed with the informant. Disadvantages, amongst others (see 
below), include the fact that the information, by definition, is gained from a second-hand 
source and is therefore likely to be subject to selective bias and recall factors. 
One of the first indirect assessment methods appeared in a review of SIB by Carr (1977). 
Specifically, Carr (1977) suggested that a "screening sequence" should be followed to 
identify maintaining variables. Figure 4.1. shows the screening sequence. 
Step 1 
Screen for genetic abnormalities (e. g. Lesch-Nyhan and de Lange syndromes), particularly 
if lip, finger, or tongue biting is present. 
Screen for nongenetic abnormalities (e. g. otitis media), particularly if head-banging is 
present. 
If screening is positive, motivation may be organic. 
If Step I is negative, proceed to step 2. 
Step 2 
Does self-injurious behavior increase under one or more of the following circumstances: 
(a) When the behavior is attended to? 
(b) When reinforcers are withdrawn for behaviors other than self-injurious behaviour? 
(c) When the child is in the company of adults (rather than alone)? 
If yes, motivation may be positive reinforcement. 
Does self-injurious behavior occur primarily when demands or other aversive stimuli are 
presented? 
If yes, motivation may be negative reinforcement. 
If Step 2 is negative, proceed to Step 3. 
Step 3 
Does self-injurious behavior occur primarily when there are no activities available and/or 
the environment is barren? 
If yes, motivation may be sel f- stimulation. 
Figure 4.1. Screening sequence, from Carr (1977). 
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Clearly, Carr (1977) suggests that "organic" factors such as the presence of syndromes or 
minor illnesses should be eliminated before environmental factors are considered. As we 
shall see, Carr's (1977) "screening sequence" has had a major impact on the development 
of later assessment methodologies. 
A number of studies have employed the interview and questionnaire method to identify the 
environmental determinants of SIB. For instance, as part of a large prevalence study 
Maurice & Trudel (1982) (see Chapter 2), asked the care-staff of 403 adults who showed 
SIB to describe the "circumstances surrounding SIB". Although it is unclear exactly how 
the interview was structured and analysed, care-staff specified "frustration" (34%), 
"refusal" (32%), "no particular circumstances" (24%), "when angry" (20%) and "when 
agitated" (17%), as the most likely antecedents for SIB and "verbal reprimand" (45 %), 
"apply restraint" (21%), "isolation" (17%), "other" (17%), and "reassure subject" (12%) as 
the most likely consequences for SIB. For 21% of these individuals, SIB occurred in 
"certain rooms". In a similar study, Maisto et al. (1978) (see Chapter 2) reported that just 
under half of the 182 individuals identified as showing SIB in their prevalence study 
showed SIB as a result of "getting upset" whilst a third of the individuals showed SIB 
because they "wanted something". Hill & Bruininks (1984) (see Chapter 2) asked care- 
staff to "describe what they usually did" when SIB occurred and assigned their responses 
to one of 5 categories or "indicators of severity", namely; 1.11no response", 2. "verbal 
response", 3. "ignore, reinforce other behaviour", 4. "physical response and 5. "get help' 
Although all topographies of problem behaviour (i. e. SIB, aggression, property 
destruction, and unusual/ disruptive behaviour) were combined in the subsequent data 
analysis, the mean "staff response level" for SIB was 3, indicating that, on average, SIB 
either produced a verbal response, was ignored as part of a treatment programme, or 
produced a physical response. 
Although the results of these studies can be considered to contribute important information 
to the literature on the determinants of SIB, clearly they are limited in several respects. 
Firstly, it is unclear in the studies either how the interviews were structured or how the 
data were subsequently analysed. Secondly, no reliability or validity data were reported. 
Thirdly, given that the care-staff used non-behavioural terms to describe many of the 
events, it is difficult to interpret the results from an operant perspective. Finally, because 
only group results are usually given, the potential antecedents and consequences cannot be 
linked to individuals. 
In order to overcome some of these concerns, ONeill, Homer, Albin et al. (1990) 
developed the "Functional Analysis Interview". The "interview" is essentially a 9-page 
form containing questions, grouped under the following headings: 
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1. description of behaviours, 
2. description of potential ecological events, 
3. description of events and situations that predict occurrences of the behaviour(s), 
4. identification of the function of the undesirable behaviour, 
5. description of the efficiency of the undesirable behaviour, 
6. description of the primary method(s) used by the person to communicate, 
7. description of events, actions, and objects that are perceived as positive by the person, 
8. description of "functional alternative" behaviours, that are shown by the person, 
9. description of the history of the undesirable behaviours and the programs that have been 
attempted. 
Specific guidelines and examples as to how the interview should be conducted are given 
throughout the accompanying manual. Once the interview has been conducted, the 
interviewer completes an "Interview Summary Form" ftom which potential variables 
associated with SIB can presumably be identified. As ONeill et al. (1990) correctly point 
out, the interviewer must "summarize and organize this information in such a way that is 
readily understandable and useful" (p. 15). However, no guidelines as to how this can be 
best achieved are given. The reliability and validity of the interview has yet to be 
established and no studies have yet been conducted that have utilised the interview. 
Questionnaires offer another potentially useful approach to functional assessment. On the 
basis of Carr's (1977) "screening sequence" (see above), for instance, Wieseler, Hanson, 
Chamberlain & Thompson (1985) administered a six-item questionnaire to the care-staff of 
60 individuals, aged 20 to 63 years, who showed either SIB or stereotypic behaviour. For 
each item, the 96 informants were required to indicate how often a given consequence 
(e. g. attention, removal of demands) occurred following SIB or stereotypic behaviour on a 
four-point scale (i. e., SIB or stereotypic behaviour is the independent variable). The 
questionnaire has three subscales, with two items each addressing the "positive", 
"negative" and "sensory" reinforcement hypotheses respectively (see Chapter 3). Results 
showed that, of the 23 individuals who showed SIB, 30% of the care-staff (i. e. not 30% of 
the individuals) specified positive reinforcement, 38% specified negative reinforcement, 
whilst 32% specified sensory reinforcement. Conversely, of the 37 individuals who showed 
stereotypic behaviour, 3% of the care-staff (i. e. not 3% of the individuals) specified 
positive reinforcement, 4% specified negative reinforcement, whilst 93% specified sensory 
reinforcement. In order to validate the ratings, a sub-group of individuals were observed 
by the authors for an unspecified amount of time in 5 minute periods over 3 weeks (see 
Descriptive Assessment, below). Behaviour categories included antecedent "staff 
directive" and consequent "staff attention". Although it is unclear how these data were 
recorded and subsequently analysed, Wieseler et al. (1985) reported 95% agreement 
between the staff ratings and the direct observations, suggesting some validity 
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to the questionnaire. (Interrater agreement for the questionnaire was 73%). An interesting 
point to note about the study concerns the fact that none of the mean scores were tied 
(i. e., none of the staff specified more than one variable for either behaviour). Further, 
correct interpretation of the data is hampered by the fact that the data include the ratings 
of more than one care-staff member for each individual. Finally, none of the individuals 
appeared to show both SIB and stereotypic behaviour which can be considered somewhat 
surprising. 
Using a similar method, Durand & Crimmins (1988) administered the "Motivation 
Assessment Scale", a 16-item questionnaire to the teachers of 50 children, aged 3 to 18 
years, who showed "frequent" SIB. The questionnaire has four subscales, namely, 
"sensory", "escape", "attention" and "tangible", with raters being required to indicate how 
often a particular topography of SIB occurred either preceding or following a given 
environmental event on a 7-point scale (i. e., SIB is the dependent variable). Basing the 
results on the "primary" raters scores (i. e., the teacher who had known that particular child 
for the longest period), they reported that 48% of the teachers specified "tangible", 18% 
specified "escape", 17% specified "attention" whilst 17% specified "sensory" as the 
primary determinant. Four teachers specified more than one variable (i. e. scores were 
either tied or were within 0.25 points). Of these four, 3 specified both escape and 
attention. [Closer inspection of the raw data provided in the study however indicates that, 
in fact, 50% of the teachers specified "tangible", 12% specified "escape", 12% specified 
"attention" and 18% specified "sensory"]. Validity of the questionnaire was established in 
two ways; firstly, by comparing the MAS results for eight children to the outcomes of 
experimental assessments (see Experimental Assessment, below) and secondly, by simply 
asking the teachers which of the four categories applied to their particular child's SIB. 
Agreement between the experimental assessments and the MAS was 100% whereas the 
agreement between the teachers global estimates and the MAS results were poor, 
suggesting that the MAS was probably a valid instrument but that teachers were not good 
at deducing ftmctions of SIB. (Interrater and test-retest reliability data for the 
questionnaire have also been established, although these are now questionable, see Chapter 
7). 
In summary then, "indirect" methods of assessment offer a potentially useful approach to 
identify a large number of environmental variables potentially associated with SIB and 
stereotypic behaviour. Whilst the results from a number of studies have suggested that the 
determinants of SIB and stereotypic behaviour may either be the attention or escape 
provided by care-givers and/or the sensory or tangible consequences of engaging in the 
behaviour itself, a significant limiting feature of this approach to assessment, however, 
concerns the fact that many of the interviews and questionnaires have questionable 
reliability and validity. It appears therefore, that interviews and questionnaires are best 
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employed as Carr (1977) suggested, as a useful screening device prior to conducting a 
further assessment. 
4.2. Descriptive assessment 
Descriptive methods of assessment involve an evaluation of the relationship between a 
behaviour and its antecedents and consequences through direct observation of the target 
individual in his/her naturalistic setting. An advantage to this approach is that first-hand 
information is collected on the "natural" sequences of events, thus allowing the reciprocal 
nature of the relationship between the behaviour of the target individual and environmental 
events to be examined (see below). A disadvantage of the approach is that the data 
produced are somewhat "correlational" and therefore limited in terms of "believability". 
Sackett (1987) explains this point well: 
"[Descriptive] analyses are regarded as tests of association, not causality. Although 
weak causality might be inferred when event X is regularly preceded by event Y, it is 
clear that this relation could be caused by some other umneasured event Z. " (p. 874). 
Descriptive assessment was first described in the seminal article "A method to integrate 
descriptive and experimental field studies at the level of data and empirical concepts" by 
Bijou, Peterson & Ault (1968). Given that the article has had such an impact on the 
majority of studies that have subsequently employed descriptive assessments, the general 
approach will therefore be reviewed below. 
4.2.1. The Bijou et al. (1968) methodology. 
Descriptive assessment usually begins with a "narrative account" of the target individual's 
behaviour. For instance, (from Bijou et al. 1968): 
"T is playing by himself in a sandbox in a playyard in which other children are 
playing. A teacher stands nearby. T tires of the sandbox and walks over to climb the 
monkeybars. T shouts at the teacher, saying, "Mrs. Simpson, watch me ...... (p. 178). 
Once the narrative account is completed, the information is transferred to a "three-column 
form", as shown in Figure 4.2 below (from Bijou et al. 1968). 
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Time Antecedent Event Response Consequent Social Event 
9.14 1. T. throws bucket and 
shovel into corner of 
sandbox 
2. .... stands up 
3. .... walks over to 
monkey bars and stops 




Simpson, watch me. " 
6. Mrs. S turns toward T. 
6. Mrs. S turns toward T. 7. T. climbs to top of 
apparatus 
Figure 4.2. "Three-column form", from Bijou et al. (1968). 
Based on the information contained in the three column form, "refined" observations of the 
target individual are then conducted. This involves developing a "general observational 
code", recording the behaviour of the target individual and then analysing the resultant 
data. To do this, each behaviour of the target individual is assigned a letter by the 
investigator (e. g. vocalisations could be coded with a "V", proximity could be coded with 
a "P" etc. ). A coding grid is then constructed so that each column in the grid corresponds 
to successive time intervals (e. g. 59 10 or 15 sec. ) with the rows corresponding to the 
particular behaviours of the target individual. During the observation the observer uses a 
timing device to signal the end of each recording interval and simply enters the 
corresponding letter in the grid at the appropriate place if the individual has emitted a 
target behaviour in that interval. Figure 4.3. below shows a completed example data sheet, 
from Bijou et al. (1968). 
0123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
v vI 
I 
v v v v v v v v 
p p p p p P P T T P P P P P P P T P 
c c c c c C C C C C, A. A. A. A A 
. 









B BI B BI BI B 8 
1 
B B B B 
iB IB IB 
BI B B_ 
L 
Figure 4.3. Example data sheet, from Bijou et al. (1968). 
As shown in the figure, 6 behaviours (i. e. A, B, C, P, T and V) have been recorded across 
30,15 sec intervals (i. e. 7/2minutes). If an enviromnental event (e. g., attention) occurs 
contingent on the occurrence of a particular behaviour within a particular interval, an "X" 
is entered on the top line in the appropriate column. In this way the sequential order of the 
occurrence and non-occurrence of each individual response and the contingent occurrence 
of environmental events is preserved. 
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Given a sufficient sample of recorded events, the percentage of intervals during which each 
individual response occurred can be calculated and then "graphed in a multi-element 
fashion to depict variability over time" (Mace, Lalli & Lalli, 199 1, p. 168). For instance, in 
the example above, given that W" occurred II times, the percentage of intervals during 
which N" occurred is thus 37%. (i. e., 11/30 x 100). However, this method of analysis 
would be unlikely to yield useful information concerning the relationship between 
behaviours and events. 
Indeed, as Bijou et al. (1968) correctly pointed out, the limitations of using a "time- 
sampling" method may outweigh its potential benefits. For instance, using this method of 
recording, only one occurrence of a particular behaviour can be entered per time interval. 
Thus, when the time interval representing each column is large (e. g. 15 sec. ), there may be 
a low correspondence between the "actual" and "recorded" frequencies of events. For 
instance, if a 15 sec recording interval is chosen, the maximum frequency per minute of 
any given behaviour can only be 4. Although Bijou et al. (1968) conceded that the use of 
an "electro-mechanical device" would require "less effort" and also allow associations to 
be assessed "more carefully", they considered the time-sampling method to offer a number 
of practical advantages, in particular its "ease of use" and "flexibility". 
Mace et al. (199 1) have since improved this method of data collection by allowing specific 
antecedent and consequent events to be listed on the grid. Data are also recorded in 10 
second intervals, as shown below in Figure 4.4. 


















Figure 4.4. "Descriptive analysis data sheet", from Mace et al. (1991). 
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As described in Mace et al. (199 1), the likelihood of each response preceding and 
following each environmental event can be calculated ftom the resultant data (i. e. the 
behaviour of the target individual can be considered the dependent variable). Similarly, the 
likelihood that a particular environmental event precedes and follows each behaviour of the 
target individual can also be estimated (i. e., the behaviour of the target individual can be 
considered the independent variable). This is commonly known as a "conditional 
probability" analysis. Thus, in the data example above, given that "X" occurred 10 times 
and that it followed W" on 4 occasions, the conditional probability of "X" following VIVII is 
0.4 (i. e. 4 divided by 10). Similarly, given that W" preceded "X" 4 times and that W" 
occurred II times, the conditional probability of W" preceding "X" is 0.36 (i. e. 4 divided 
by 11). Conditional probabilities are then graphed in "multi-element fashion" and, using 
visual inspection, the variables potentially associated with SIB can be inferred. 
Patterson (1974,1982) was one of the first investigators to use this approach to 
descriptive analysis in a series of studies on aggression. Sequences of events (i. e. the 
behaviours of the child and other family members) were recorded at various times in the 
day using a 30 second "interval" procedure (i. e. events were recorded in the order in which 
they occurred in 30 sec time blocks, allowing 5 "interaction units" to be recorded on 
average in each 30 sec. block). An event was considered to be an "antecedent" to a 
response if it occurred in the previous 6 sec period whilst an event was considered to be a 
"consequent" to a response if it occurred in the following 6 sec period. Two conditional 
probabilities were calculated i. e. the probability of an individual's response following an 
antecedent and the probability of a consequent event following the individual's response. 
However, in recognising that high conditional probabilities may simply occur "by chance" 
if, for instance, some events occurred at higher frequencies than others (see below), 
Patterson (1974) compared each conditional probability to its base rate (or unconditional 
probability) using "decision rules for identifying controlling stimuli". Specifically, if the 
conditional probability of a response or event was more than I Y2times greater than its base 
rate (given that the event or response also occurred more than 10% of the time), then the 
event or response was considered "significant". This method thus allowed a more informed 
appraisal of conditional probabilities. Two approaches to descriptive assessment can now 
be identified, based on the methodology of Bijou et al. (1968), naxnely the "three-column 
form" and "conditional probability" methods. Studies which have employed each particular 
method will be reviewed below. 
4.2.2. The A-B-C chart approach 
Many investigators have simply employed the "three-column form" method or "A-B-C 
chart" approach (Murphy, 1987). Here, observers (usually care-staff or teachers) are 
required to record each occurrence of a particular target behaviour and to note which 
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events precede and follow each occurrence. Pyles & Bailey (1990) extended the A-B-C 
chart approach by generating data sheets specifically tailored to each individual's 
"inappropriate behavior". Figure 4.5 below shows a typical data sheet used by Pyles & 
Bailey (1990) in which 8 "antecedent" events, 5 responses and 6 "consequent" events "that 
appeared to be the most common" are listed on the checklist. 
Date: 
What happened BEFORE Episode? 
" Nothing - happened "out of the blue" 
" Asked to do something (not training) 
" Asked to do something (training) 
" Asked to go somewhere 
" Asked to move something out of the way 
Time: a. Mjp. M 
Inappropriate Behavior 
" Physical aggression 





- Stopped from doing something 
Had toileting accident 
Had a seizure 
- Other 
What happened AFTER Episode? 
" Separated within environment 
" Taken to room 
- He calmed down on his own 
Had to make restitution 
Staff ignored his behavior 
Location : 
- Other problematic behavior 
(Specify) 
- Staff lectured/got in argument with him 
- Other (specify) 
Figure 4.5. "Inappropriate Behavior Record", from Pyles & Bailey (1990). 
For each occurrence of a particular behaviour, the infon-nant is required to tick one or 
more of the boxes in the relevant columns. Following the data collection period (e. g. 6 
weeks), a tally of the number of times a particular event preceded and followed each 
particular behaviour is then computed. Events which precede and follow a behaviour most 
frequently are then presumed to be associated with that particular behaviour. Although the 
reliability of the checklist has not been established, Pyles & Bailey (1990) devised 
successful treatment plans for a number of individuals, based on the results of the 
checklist, suggesting some validity to the checklist. Clearly, the advantage to the A-B-C 
approach is its simplicity and ease of use. However, there are also a number of 
disadvantages. Firstly, there are no guidelines as to what should appear on standard A-B-C 
charts, and the use of the "other" category on the Pyles & Bailey (1990) chart increases 
the likelihood that subjectively defined events may be specified by the observer. Secondly, 
because the observer records antecedents and consequences only when the target response 
occurs, information as to whether or not the same events also occur when the target 
response is not occurring is missing. Thus, the likelihood that an event occurs prior to or 
following the target response is artificially increased. 
Donnellan, Mirenda, Misaros & Fassbender (1984) also used a "chart" approach for 
"analyzing the communicative functions of aberrant behaviour", including SIB. 
Specifically, Donnellan et al. (1984) use a grid which lists 31 behaviours, (grouped into 4 
categories : inappropriate, physical, vocal, and appropriate in the columns) and 31 possible 
"functions", (grouped into "interactive functions" namely, requests, negations, and 
declarations and "non-interactive functions", namely, self-regulation, rehearsal, habitual 
and relation/tension release) in the rows. Following direct observation of the target 
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in ividual, the "practitioner" is required to "match" a behaviour to its particular "function" 
by noting the point of intersection on the grid. Presumably, this is done several times 
before a pattern emerges. No reliability or validity data for the checklist were presented 
however in support of its utility and no studies have appeared which have actually 
employed the checklist. 
na sim lar vein, Touchette, Macdonald & Langer (1985) devised an observation-based 
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Figure 4.6. Scatterplot, from Touchette et al. (1985). 
Here, the columns in the grid represent successive days, split up into 30-minute intervals 
during which the frequency of a particular behaviour is recorded (e. g. filled squares can 
represent high rates, whereas unfilled squares can represent low rates). Subsequent 
analysis consists of identifying whether or not the filled squares form any particular pattern 
which would suggest an association with specific environmental events occurring 
throughout the clients' day. In support of its utility, Touchette et al. (1985) used the 
scatterplot to record the SIB of a 23 year old man over 5 days. Results indicated that the 
man's SIB appeared to occur primarily after 3 p. m. when activities, peers and staff were 
changed. By reassigning the morning staff to the afternoon and providing the individual 
with additional activities in the morning, SIB ceased to occur. Although the method is 
clearly inadequate in many respects (e. g. potentially relevant events associated with SIB 
are not listed on the grid), Touchette et al. (1985) suggested that the approach may be 
useful for identifying broad setting factors prior to conducting a more detailed analysis. 
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Indeed, because the non-occurrence of responses is also recorded on the scatterplot, the 
problem noted above with the A-B-C chart approach is avoided. 
In one of the first studies to employ the " scatterplot" method, Kennedy & Itkonen (1993) 
attempted to examine the effects of setting events on the occurrence of problem behaviour 
in two adults aged 20 to 22. For both individuals, a prior "ONeill et al. (1990)" interview 
(see above) conducted with care staff had identified events which appeared to be 
correlated with high levels of problem behaviour, namely, "awakening late in the morning" 
for one individual and "taking the city street route requiring approximately 20 stops" for 
the other. Using the scatterplot method, adapted by ONeill et al. (1990), teachers 
recorded the occurrence of behaviour problems in 3 0-min intervals over 4 hours for 10 and 
8 days for each individual respectively. Results confirmed the hypothesis that there was a 
correlation between the occurrence of the setting event and the later appearance of 
problem behaviour. This finding was validated when, following elimination of the setting 
event, problem behaviour occurred at low levels. Kennedy & Itkonen (1993) argued that 
the setting event may have served to increase the "value" of the variables associated with 
problem behaviour and decreased the value associated with appropriate behaviour. 
However, a limitation of the study concerns the fact that information about environmental 
events associated with problem behaviour occurring throughout the individual's day (and 
presumably also recorded on the scatterplot) were not reported. 
4.2.3. The "conditional probability" approach 
A number of studies have conducted a "conditional probability" analysis of SIB and 
stereotypic behaviour. The first of these was conducted by Carr & McDowell (1980). The 
target individual was a 10 year old boy who had continued to engage in severe self- 
injurious scratching despite having had the apparent "cause" of the scratching (i. e. poison 
oak dermatitis) sucessfully treated by a physician months earlier (see Chapter 3). 
Following an interview with the boy's parents, the authors identified three "activities" 
during which scratching reliably occurred, namely, "play" (i. e. interacting with friends), 
"t. v. " (i. e. watching television) and "talk" (i. e. family discussions). At least three 10 to 45 
min observations of each activity were conducted over a7 day period with data being 
collected not only on the frequency of SIB but also on the frequency with which the child's 
parents presented attention (i. e. the comment "stop scratching" or physical restraint) 
contingent on SIB. (Attention was considered a consequent to SIB if it occurred within 3 
seconds of the SIB). Results indicated that SIB occurred at near zero levels during "play", 
at moderate rates during "talk" and at high rates during "t. v. ". Importantly, during the 
"t. v. " sessions, SIB was correlated with the frequency with which attention was provided 
contingent on SIB, suggesting that SIB was maintained by attention. However, the 
frequency with which attention preceded SIB was not reported. A subsequent 
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experimental analysis (see below), also conducted in the child's home, confirmed the 
hypothesis. Here, the child's parents were instructed to "ignore" SIB for 15 minutes, to 
present attention contingent on SIB for 30 min and then to "ignore" SIB for a further 20 
minutes. Results indicated that SIB increased during the "attention" condition but reduced 
during the "ignore" condition. A treatment, based on the results of the assessment 
continued to be successful 2 years later. 
Edelson, Taubman & Lovaas (1983) conducted a more detailed descriptive assessment of 
20 individual's SIB on the wards of a state hospital in California. The individuals, aged 6 to 
20, were observed over a 3-month period in I hour periods using a 15 see interval 
procedure (with a 5-sec recording sub-interval) until over 5 hours of observational data 
was obtained per individual. Behaviour categories recorded were "demands", "denials" and 
"punishment" although these categories were also later combined to form a "staff 
intervention" category in the subsequent analysis. A conditional probability analysis 
indicated that, for 19 of the 20 individuals, the probability of SIB preceding interaction 
was low whereas the probability of SIB following interaction was high (i. e. SIB frequently 
occurred in the 2 minute period following "staff intervention" but did not occur in the 2 
minute period preceding "staff intervention"), suggesting that the SIB in these individuals 
was determined by escape. For the remaining individual, SIB occurred at the same level 
preceding and following staff intervention, suggesting that SIB was maintained by 
automatic reinforcement or by intermittent schedules of attention. Interestingly, Edelson et 
al. (1983) offer an alternative account for the interpretation of their results, arguing that, in 
fact, staff demands may have acted as discriminative stimuli for the availability of attention. 
They also supplied anecdotal information concerning one individuals' SIB where the 
probability of body pinching following demands was high (suggesting an escape function), 
the probability of hand biting following denials was high (suggesting an escape function) 
whereas the probability of head banging was high preceding interaction (suggesting an 
attention function). For one individual, SIB occurred following a 15 sec delay indicating 
that, for this individual, SIB appeared to occur following the occurrence of an intervening 
response (e. g. tantrums) which immediately followed staff interaction. A significant 
problem with the study, however, concerns the method of data analysis employed. Firstly, 
combining "punishment", "demands" and "denials" into a composite category would most 
likely "mask" the relative contribution of each sub-category of interaction, thus obscuring 
the results (e. g. "punishment" contingent on SIB may have been a non-relevant variable). 
Secondly, the recording method adopted by the authors resulted in non-continuous data 
(i. e. individuals were only observed for 10 seconds out of every 15). It is also likely that 
bias occurred in the data analysis given that sequences such as "denial-SIB-punishment" 
were counted as "denial-SIB" sequences (i. e. the event preceding SIB took precedence 
over the event following SIB). This would most likely inflate the number of events 
preceding SIB relative to the number of events following SIB. 
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Maurice & Trudel (1982) also conducted naturalistic observations of 36 individuals 
interacting with care-staff and peers in an institution. The individuals were selected from a 
prevalence study conducted by the authors and were therefore known to show SIB at least 
once a day. Each individual was observed over 3 to 5 days in 4 minute sessions with the 
average observation time per individual being over 3 hours on average. Behaviour 
categories included interaction with both care-staff and peers, namely, "physical contact", 
"demands", "refusals" and "verbalizations", recorded using a 10-s interval recording 
procedure. Results showed that both SIB and staff interaction occurred at relatively low 
levels (i. e. less than 15% of the time). Further, a conditional "frequency" analysis of the 
data, pooled across individuals, indicated that staff interaction occurred at low levels in the 
40 s period preceding SIB and in the 40 s period following SIB, suggesting that SIB was 
either maintained by automatic reinforcement or by intermittent schedules of escape or 
attention. A significant limitation of the study, however, concerns the fact that the 
behaviour categories of the care-staff and peers were combined in the subsequent analysis. 
This procedure may also have served to "mask" the relative contribution of each variable 
(see below). 
More recently, descriptive analyses have begun to examine the relationship between 
environmental events and SIB more systematically. For instance, Lalli, Browder, Mace & 
Brown (1993) conducted a descriptive analysis of SIB "that interfered with instructional 
activities". Two children, aged 10 and 14 were observed in 5 one hour periods with 
behaviour categories grouped according to whether they were either "antecedent" events 
(i. e. "task: one-to-one instruction", "task: group instruction", "play: one-to-one interaction", 
"play: no one-to-one interaction") or "subsequent" events (i. e. "attention". "tangible" and 
"escape"). Results of the conditional probability analysis indicated that, for one individual, 
the probability of SIB following "task: one-to-one instruction" and the probability of 
"escape" and "attention" following SIB given that SIB had also followed "task: one-to-one 
instruction" both occurred at moderate levels suggesting that SIB was determined by 
escape and attention. However, the relevant antecedent for the attention hypothesis was 
not identified (i. e. the probability of SIB following "play: no one-to-one interaction" was 
zero). For the other individual, the probability of SIB following "task: group instruction" 
and the probability of SIB following "play: no one-to-one interaction" were moderate. 
Further, the probability of "attention" following SIB given that SIB had also followed 
"task: group instruction" and the probability of "attention" following SIB given that SIB 
had also followed "play: no one-to-one interaction" was also moderate, indicating that SIB 
was determined by attention. However, the analysis is limited in several respects. Firstly, 
the event categories were divided into "antecedent" and "subsequent" categories prior to 
data collection, thus "attention" could not precede SIB. Indeed, the "subsequent" 
categories were scored "immediately following each instance of SIB and for the next three 
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I O-S intervals", a scoring system which would produce an artificially inflated representation 
of the "subsequent" events. Also, "subsequent" events were not recorded if they did not 
follow SIB. Thus it is unclear whether or not the same events also occurred when SIB was 
absent. Base rates either for each event or SIB were not presented, thus if "task" occurred 
at a high base rate, it is possible that SIB followed "task" simply by chance. This is true of 
all the conditional probabilities presented. Further, the presentation of conditional 
probabilities is rather unusual (i. e. the probability of "escape" following SIB given that SIB 
had also followed "task: 1: 1 instruction" involves a 3-chain event sequence as opposed to 
the usual 2-chain conditional probability). The consequences of calculating conditional 
probabilities in this way are unclear. Despite these limitations, Lalli et al. (1993) trained 
each teacher to conduct interventions designed to either decrease and increase problem 
behaviour "during the naturally occurring classroom activity in which the problem 
behaviour occurred most frequently". Specifically, following a baseline condition, teachers 
conducted 20 to 30 min sessions of extinction (i. e. ignoring SIB, not removing task), 
escape (removing task) and attention (providing attention on a VR3 schedule). Results 
indicated that for both individuals, problem behaviours occurTed at low levels during the 
extinction sessions but at high levels during the escape and attention sessions, thus 
validating the results of the descriptive analysis to some degree. 
Repp, Felce & Barton (19 8 8) had conducted a similar study several years earlier. The 3 
children involved, aged 6 to 7, were observed in two classrooms for 3 to 5 hours. The 
"consequences" of problem behaviour (i. e. teacher proximity, verbal attention, physical 
attention and task removal) and antecedent "stimulation" (i. e. whether or not the individual 
was engaged in an activity prior to problem behaviour) were recorded. Results indicated 
that for I individual, there was "a consistent relationship between task demands, head 
banging, and a cessation of task demands", suggesting that SIB was maintained by 
negative reinforcement. For the other 2 individuals, stereotypy was associated with low 
"levels of engagement", suggesting that stereotypy was maintained by automatic 
reinforcement. In order to validate the results of the descriptive assessment, teachers were 
then trained by the authors to implement two interventions, one based on the results of the 
descriptive analysis (and conducted in one classroom), the other based on an alternative 
hypothesis (and conducted in the other classroom). The intervention based on the results 
of the descriptive analysis was then implemented in both classrooms. The results indicated 
that for the first individual, escape extinction (i. e. the descriptive-based intervention) 
reduced SIB to low levels whereas ignoring SIB did not do so. For the 2nd and 3rd 
individuals, presenting regular activities (i. e. the descriptive-based intervention) reduced 
SIB to low levels whereas ignoring SIB did not do so. The study contains a number of 
limitations, however. Firstly, conditional probabilities were not presented in the descriptive 
analysis, rather a "judgement" was made about the likely maintaining variables. Secondly, 
the behaviour categories recorded were defined given the occurrence of problem 
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behaviour, as in the Lalli et al. (1993) study, thus artificially inflating the conditional 
probabilities. 
In one of the most comprehensive descriptive assessments of SIB conducted to date, 
Lerman & Iwata (1993) observed six adults, aged 27 to 43, in their residences interacting 
with care-staff. 5 of the 6 individuals were observed during 24,15 min sessions conducted 
across several weeks, (producing 6 hours of data) with the remaining individual being 
observed for 48 sessions (producing 12 hours of data). Behaviour categories included 
"attention delivery", "instruction delivery", "attention removal", "instruction removal", and 
the presence of materials, staff and ambient stimuli. However, "attention delivery" and 
"instruction delivery" were combined to form an "interaction" category in the subsequent 
analysis. Similarly, "attention removal" and "instruction removal" were combined to form 
an "interaction removal" category in the analysis. A "no interaction" category was defined 
post hoc as the absence of "interaction" and "interaction removal". Results for the 
conditional probability analysis showed that, for I individual, the probability of "no 
interaction" preceding SIB and the probability of SIB preceding and following no 
interaction was high, suggesting that SIB may be maintained by automatic reinforcement. 
(This result was also in agreement with an experimental analysis, see below). For the 
remaining five individuals, the probabilities of envirom-nental events preceding and/or 
following SIB and the probabilities of SIB preceding and/or following environmental 
events yielded data that were difficult to interpret and appeared to lend support for both 
escape and attention hypotheses, but not one or the other. 
Lennan & Iwata (1993) put forward a number of factors as partly responsible for the 
unclear results; i. e. for one individual, irrelevant events (i. e. instructions) may have masked 
the relevant event (i. e. attention) by its high overall relative frequency whereas for four 
individuals, the high relative frequency of attention may have masked the thin schedule of 
escape (i. e. instruction removal). For 3 of these individuals, SIB appeared to be evoked by 
the absence of staff interaction, a finding which Lerman & Iwata (1993) interpreted in 
terms of task avoidance behaviour. A significant limiting factor in the study, however, 
concerns the fact that base rates for each of the behaviour categories were not presented. 
This makes the results of the descriptive analysis extremely difficult to interpret since it is 
unknown whether or not in some observation hours particular categories occurred at a 
higher relative frequency compared to others. Lerman & Iwata (1993) acknowledged the 
problem as follows: 
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"... some observation hours contained many more instruction intervals than did other 
hours. If an observation hour included many instruction intervals but little SIB for a 
subject whose SIB was maintained by positive reinforcement, the few instances of 
SIB could follow instructions by chance, and the resulting analysis would reveal a 
high conditional probability for SIB following instructions even though instructions 
rarely set the occasion for the subject's SIB". (p. 300). 
Lerman & Iwata (1993) suggested that they controlled for this problem in their analysis by 
calculating conditional probabilities two ways. For instance, to control for the fact that the 
conditional probability of SIB following instructions may be artificially high, Lerman & 
Iwata (1993) also calculated the probability of instructions preceding SIB. However, these 
additional conditional probabilities may equally be affected by the same problem. A better 
solution would have been to use the Patterson (1974) method which would have provided 
a more informed appraisal of the conditional probabilities and thus reduced the possibility 
of the "masking effect" (see above). A second problem with the study concerns the fact 
that attention and instruction categories were combined into a composite "interaction" 
category. Although, Lerman & Iwata (1993) pointed out that this procedure "led to clearer 
data displays yet produced no differences in data interpretation" (p. 301), it may have 
served to exacerbate the "masking" problem and would "cancel out" the detection of a 
dual function. For instance, if the probability of "instruction delivery" was high preceding 
SIB and the probability of "attention delivery" was low preceding SIB, the probability of 
"interaction" would only be moderate preceding SIB. Thirdly, the probability of no 
interaction following SIB, although calculated, was not presented in any of the data 
displays. Finally, as Lerman and Iwata (1993) acknowledged, by conducting the 
assessments in the individuals' residential homes as opposed to the individual's day centre, 
the scheduling of events may have been highly variable. 
Although the results of the conditional probability analysis in the Lerman & Iwata. (1993) 
and Lalli et al. (1993) studies included an analysis of the effects of an individual's 
behaviour on the behaviour of others (i. e. the target individual's behaviour was also 
nominated the independent variable), this was not done specifically to examine the 
reciprocal nature of interactions. There has been, however, a growing literature which has 
explicitly examined so-called "child effects", thus acknowledging that a functional analysis 
should contain two analyses (see above). 
In one of the first studies to examine "child effects", Durand (1986) observed 2 individuals, 
aged 16 and 18, for 12 hours in total over a2 month period interacting with their teachers 
in a residential facility. Behaviour categories included teacher "proximity", "commands", 
if comments it and "praise". Results indicated that one of the individuals received high levels 
of teacher attention, namely "proximity" and "comments", whereas the other individual did 
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not. Interestingly, for the individual who had received large amounts of attention, results 
of the MAS showed their SIB to be maintained by attention whereas the individual who 
received low rates of "proximity" and "comments" had been rated on the MAS to show 
SIB maintained by escape. Durand (1986) interpreted these results in terms of "child 
effects" i. e. in the individual whose SIB was maintained by attention, the SIB served to 
evoke teacher behaviour in the form of proximity and comments resulting in high levels of 
interaction, whereas in the individual whose SIB was maintained by escape, the SIB served 
to remove teacher behaviour, resulting in low levels of interaction. In this way, SIB was 
considered the independent variable in the analysis. Clearly though, because the data were 
not analysed in terms of conditional probabilities, other interpretations of the data were 
equally likely. 
In order to examine the nature of "child effects" more closely, Carr, Taylor & Robinson 
(1991) observed eight preschool children (four "problem" children and four "nonproblem" 
children), aged 2 to 4 years, interacting with undergraduate students in "simulated" 
naturalistic conditions. Specifically, the students were required to work with a child pair (a 
problem and a nonproblem child) on 4 "easy" and 4 "difficult" tasks using a discrete-trial 
teaching method. Each child pair received fifteen, 22 min sessions of "instruction" (five 
sessions with one of three students) where levels of "instructional" behaviour (which 
included "approval", "disapproval" and "cajolery") and "noninstructional" behaviour were 
uncontrolled. A conditional probability analysis of the data revealed that the probability of 
problem behaviour (across students) following instructional behaviour was high for the 
problem children, relative to the nonproblem children. Conversely, the probability of 
problem behaviour following non-instructional behaviour was low for both groups of 
children. These data suggested to Carr et al. (199 1) that problem behaviour was 
maintained by negative reinforcement (i. e. problem behaviour was evoked by instructional 
behaviour but was not evoked by non-instructional behaviour). In order to examine "child 
effects", Carr et al. (199 1) presented base rates (unconditional probabilities) of 
instructional behaviour. Here the probability of instructional behaviour was lower for the 
problem children relative to the nonproblem children. Thus the undergraduates appeared to 
spend less teaching time with the problem children and more teaching time with the 
nonproblem children. Carr et al. (199 1) interpreted these results in terms of choice 
behaviour i. e. the undergraduates spent less teaching time with the problem children 
because they were highly punished for doing so, (i. e. it evoked problem behaviour) 
whereas they spent more teaching time with the nonproblern children because they were 
punished less. 
in the same study, a further analysis was also conducted on a specific sub-category of 
instructional behaviour, namely "task commands", producing similar results. Here, the 
probability of problem behaviour following task commands was high for the problem 
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children relative to the nonproblem. children, again suggesting that task commands evoked 
problem behaviour. In addition, the unconditional probability of task commands was low 
for the problem behaviour group relative to the non-problem group, again suggesting that 
the Students spent less time teaching the problem children and more time teaching the 
nonproblem. children. Further analysis of the data was conducted to determine which of the 
8 available tasks were presented to the children during the teaching sessions. Specifically, 
tasks were labelled "untolerated" if the probability of problem behaviour following a 
particular task was greater than 0.25 or "tolerated" if the probability of problem behaviour 
following a particular task was less than 0.25. Data showed that the students restricted the 
number of untolerated tasks that they presented to the problem children but did not do so 
for the nonproblem children. 
A number of limitations of the study suggest that the results should be interpreted with 
caution. Firstly, the "instructional" behaviour category in the first analysis included 
subcategories of behaviours not usually associated with aversive task demands (i. e. 
"approval", "disapproval" and "cajolery"). Secondly, because the base rates (unconditional 
probabilities) for problem behaviour were not presented, the integrity of the child groups 
(i. e. "problem" vs. "nonproblem") was not established. Additionally, the probability of 
instructional behaviour or task commands following problem behaviour was not calculated 
or presented. Given this lack of information, it is possible that the higher probability of 
problem behaviour following instructional behaviour or task commands in the problem 
group occurred simply due to "chance". This is because the problem group presumably 
showed higher rates of behaviour problems. Thirdly, calculation of the probability of 
instructional behaviour or task commands given problem behaviour would produce a more 
satisfactory analysis of "child effects" than presentation of simple base rates of instructional 
behaviour or task commands. For instance, calculation of these probabilities would 
determine whether or not instructional behaviour or task commands occurred following 
problem behaviour. Further, in the second analysis, the probability of problem behaviour 
given the absence of task commands was not presented. Thus, the possibility that some 
problem behaviours could have been maintained by positive reinforcement (i. e. the absence 
of task commands could have evoked problem behaviours) cannot be r-uled out. 
Subsequent studies by Taylor and colleagues have clearly attempted to address some of 
these concerns. For instance, in the second of two papers appearing in the same journal 
issue, Taylor & Carr (I 992b) observed the teaching behaviour of 15 undergraduate 
students under similar conditions to that in the "Carr et al. (199 1)" study. Here, instead of 
teaching problem and nonproblem pairs, students taught nine children who had previously 
been grouped into pairs on the basis of the results of an experimental analysis (see below). 
Specifically, the students taught 3 "Attention-Seeking"-"Non-Problem" child pairs, 3 
"Socially-Avoidant"-"Non-Problem" child pairs and 3 "Attention-Seeking" -" Socially- 
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Avoidant" child pairs (see Experimental assessment). As in the Carr et al. (199 1) study, 
levels of "attentive" and "nonattentive" behaviour were not controlled. Children were 
required to complete either high or low interaction tasks (which could be performed with 
90-100% accuracy) in 20 minute sessions. Results showed that the probability of problem 
behaviour following "no attention" was high for the AS group, relative to the SA group, 
suggesting that "no attention" evoked behaviour problems in the AS group. Conversely, 
the probability of problem behaviour following attention was low for the AS group 
whereas it was high for the SA group, suggesting that adult attention evoked behaviour 
problems in the SA group. The base rates for problem behaviours were high for the AS 
children, relative to the SA group and high for the SA children relative to the NP children. 
Having established the integrity of the groups, to investigate "child effects", two behaviour 
categories were defined post hoc; "increased adult attention" (i. e. if the student had 
increased their attention to the child given a problem episode) and "decreased adult 
attention" (i. e. if the student had decreased their attention to the child given a problem 
episode). If adult behaviour did not change following problem behaviour then these 
episodes were excluded from the analysis. No reliability data for these categories were 
reported however. Results indicated that the probability of "increased adult attention" 
following behaviour problems was high for the AS group, was high for the NP group, 
whereas it was low for the SA group. Further, the probability of "decreased adult 
attention" following behaviour problems was low for the AS group, was low for the NP 
group, whereas it was high for the SA group. Base rates (unconditional probabilities) of 
attention (not "increased" or "decreased" adult attention) were also presented. Here, the 
probability of attention was high for the AS group, moderate for the NP group and was 
moderate for the SA group. Further analyses were conducted to gather additional support 
for these findings. Specifically, the trend in adult attention over time, the amount of 
physical contact provided (a subcategory of adult attention) and the distribution of high 
and low interaction tasks. For the latter analysis, results showed that the students 
presented a higher proportion of "high-interaction" tasks to the AS group and presented a 
higher proportion of "low-interaction" tasks to the SA group. Significantly, Taylor & Carr 
(I 992b) point out that the amount of attention received by the NP group appeared to 
depend solely on whom they were paired with. Thus, if they were paired with an AS child, 
they were less likely to receive attention because attention was given to the AS child. 
However, if they were paired with a SA child, they were more likely to receive attention 
because less attention was given to the SA child. 
This study however, although an improvement on the "Carr et al. (199 1) " study, also has a 
number of limitations. Foremost amongst these concerns is the post hoc definition of the 
"increased" and "decreased" adult attention categories. Since the definitions are based on 
the occurrence of problem behaviour episodes, the conditional probabilities are artificially 
122 
Functional analysis 
inflated (i. e. increases or decreases in attention cannot occur following the absence of 
problem episodes). Furthermore, problem episodes which were not followed by an 
increase or decrease in attention were excluded ftom the analysis, thus again artificially 
inflating the conditional probabilities. A more satisfactory method with which to 
investigate child effects would have been simply to present the probability of attention 
following problem behaviour. Calculation of these probabilities would also determine 
whether or not the previous conditional probabilities (i. e. the probability of problem 
behaviour following attention) had not occurred simply by "chance". Also, base rates for 
the increased and decreased attention categories were not supplied, thus it is possible that 
the conditional probabilities may have occurred at "chance" levels anyway. 
A study conducted by Taylor & Romanczyk (1994) attempted to determine whether or not 
hypotheses about behaviour function could be generated by observing the amount of 
attention children received during teaching sessions. The individuals were fifteen children, 
aged 3 to 12 years who displayed "frequent and severe problem behaviour that was 
presumably maintained by attention or escape". The fifteen children were assigned to trios, 
each trio containing at least I child whose problem behaviour was assumed to be 
maintained by attention and at least one child whose problem behaviour was assumed to be 
maintained by escape. Each of 3 teachers presented 3 tasks in discrete-trial format to the 
five groups of 3 children in 15 min sessions, where the level of "attending" remained 
uncontrolled. Results indicated that for 5 of the children (one from each trio), the 
probability of teacher "attending" during the sessions was relatively high, suggesting to 
Taylor & Romanczyk (1994) that the problem behaviour of these children was maintained 
"in whole, or in part", by attention. For the remaining 10 children, the probability of 
attending was relatively low, suggesting that problem behaviour was maintained by escape 
"in whole, or in part". A significant difficulty with the study concerns the fact that base 
rates of problem behaviour were not reported, a factor which could substantially influence 
the validity of the results (i. e. if the 5 children who received higher levels of attention also 
displayed more problem behaviour than the others, the results could be interpreted from a 
social avoidance perspective). Further, conditional probabilities were not reported, 
rendering the results difficult to interpret from a functional perspective. A further point 
concerns the use of the "attending" category when use of an instruction category would 
have been more appropriate (i. e. tasks were presented). Thus it is unclear whether 
attention evoked problem behaviour or whether task demands did. This study therefore 
represents a step backwards in terms of the assessment of child effects in comparison to 
the Taylor & Carr (1992b) and Carr et al. (1991) studies. 
In summary then, the results of descriptive assessments of SIB have indicated that several 
environmental events are commonly associated with the occurrence of SIB, namely 
attention and escape provided by caregivers. A growing literature on "child effects" has 
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also acknowledged that, in social interactions, an examination of the effects of the target 
individual's behaviour on the behaviour of others should also be included in a functional 
analysis as Skinner (1953) suggested. However, significant flaws in many of the analyses 
suggest that the results of many of the studies should be treated with caution. Foremost 
amongst these concerns is the fact that nearly all of the studies conducted so far have used 
a method of recording which produces a somewhat inaccurate representation of the 
"actual" sequences of events. This problem is compounded when some conditional 
probabilities are simply not calculated or perhaps worse, are not compared to their 
respective base rates, thus introducing the problem of "masking" and the contribution of 
"chance". Although the study by Patterson (1974) outlined why it is necessary to compare 
conditional probabilities to base rates, no studies have actually employed this method or 
used statistical methods to compare base rates to conditional probabilities. The problem of 
detecting the occurrence of intermittent schedules (noted by Lerman & Iwata, 1993) is 
also problematic using a "conditional probability" analysis (see Chapter 7). Perhaps the 
most significant limitation with descriptive analysis is the fact that the data are somewhat 
"correlational", thus limiting the "believability" of the results. Because of this limitation, 
some authors have considered functional analysis to be synonymous with the experimental 
approach (Iwata, 1994). This approach will now be considered. 
4.3. Experimental assessment 
Experimental methods of assessment usually involve an evaluation of the relationship 
between a behaviour and its antecedents and consequences through direct observation of 
the target individual in an "analogue" of his/her naturalistic setting. An advantage to this 
approach is that the behaviour of the target individual can be observed under conditions 
where potentially relevant environmental events can be directly controlled by the 
experimenter. This allows a somewhat more "believable demonstration" of the association 
between SIB and environmental events to be conducted. Sackett (1987) again puts this 
point well: 
"Manipulative experiments are employed to control irrelevant factors while 
systematically varying linkages between independent variables and consequent 
responses. Causality, in the sense of identifying conditions that are at least sufficient 
to produce reliable behavioral variation, is often imputed when the experiment is 
successful and has achieved positive replications". (p. 874). 
A notable disadvantage of the experimental approach is that, by definition, the reciprocal 
nature of the relationship between the target individual's response and environmental 
events cannot be investigated i. e. SIB is, by definition, the dependent variable. Bearing 
these points in mind, experimental studies conducted over the last thirty years will be 
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systematically reviewed, beginning with the classic studies conducted by Lovaas and 
colleagues. 
4.3.1. The "Lovaas" studies 
The first experimental analysis of SIB was conducted in California by Lovaas et al. (1965) 
involving a9 year old child who showed severe SIB. The child was exposed to a number 
of 10 minute "sessions" during which the comment "I don't think you are bad" was 
delivered contingent on SIB using either a CRF or VR5 schedule. [The comment "I don't 
think you are bad" was specifically chosen by the authors because other "professionals" 
had suggested that it might reduce the child's "guilt-level" which they considered was 
associated with SIB]. A number of "control" sessions during which "no consequences" 
were delivered for SIB were also implemented. Results showed that the rate of SIB 
increased when attention was provided contingent on SIB, suggesting an association 
between SIB and attention. In support of the hypothesis, Lovaas et al. (1965) noted that 
the absence of attention, which had occurred during the previous "no consequence" 
sessions, may have "functioned as a deprivation operation". In a further test of the positive 
reinforcement hypothesis, Lovaas & Simmons (1969) examined the effects of prolonged 
"time out" on the persistent SIB shown by 2 individuals. The individuals, aged 8 and 11, 
and considered to be the "worst cases", were placed alone in a room for 90 min each day 
over a2 to 5 week period. Prior to being placed alone in the room, one of the children 
received a 24-hr period of "social deprivation" on 2 occasions followed by a 24 hr period 
of "social satiation" on another 2 occasions On a further 6 occasions, the child received 
attention contingent on SIB (VR3 schedule). Results showed that for both individuals, SIB 
gradually decreased in frequency over time. Interestingly, the antecedent manipulations of 
attention (i. e. deprivation and satiation) appeared to have little effect on SIB as did the 
contingent presentation of attention. The authors interpreted this finding in terms of 
attention "losing its reinforcing properties" over time. 
Although Lovaas et al. (1965) inferred that attention may have been maintaining the child's 
SIB, other hypotheses were not specifically tested. Indeed, it is possible that attention may 
initially have been an irrelevant variable but may subsequently have been established as a 
relevant one as a direct result of repeated exposure to contingent attention during the 
assessment. This problem has since become endemic in experimental assessments. 
However, one group of studies have overcome this problem to some extent by 
manipulating the occurrence of events antecedent to SIB. The study by Carr, Newsom & 
Binkoff (1976), also conducted in California, can also be considered, in many respects, to 
be one of the first studies in which specific experimental "conditions" were set up in order 
to test more than one particular reinforcement hypothesis. The study by Carr et al. (1976) 
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and studies which have employed similar methodology (i. e., manipulated the occurrence of 
antecedent events) will be reviewed below. 
4.3.2. Studies adopting the Carr et al. (1976) methodology 
Carr et al. (1976) exposed an 8 year old child with mild learning disabilities to 3 
conditions, namely, "free time" (i. e. no demands were presented and the child was free to 
roam about the room), "tacts" (i. e. the experimenter talked to the child every 30s) and 
"mands" (i. e. the experimenter presented demands to the child every 30). Additionally, a 
"marker" stimulus, either, "Okay, lets go" or "the sky is blue" was presented at the end of 
each session). Each condition lasted 10 minutes. Results showed that SIB occurred at high 
rates in the "mands" condition relative to the other conditions, suggesting that demands 
were discriminative for SIB. In addition, rates of SIB increased during the "mands" 
condition suggesting to Carr et al. (1976) that the 10 minute "mands" sessions constituted 
a "fixed-interval 10-min schedule of escape". Furthermore, SIB continued to occur 
following the presentation of the marker stimulus "the sky is blue" but reduced to zero 
when the stimulus "Okay let's go" was presented, suggesting that "Okay, let's go" was a 
safety signal for the absence of ftirther demands. In a further part of the study, designed to 
validate the experimental analysis, Carr et al. (1976) again exposed the child to the 
"mands" condition but this time, it was followed by a "mands plus positive context" 
condition (i. e. the experimenter read a story in an "animated, cheerful manner", presenting 
demands every 30 s). Results indicated that SIB occurred at low levels in the "mand plus 
positive context" condition, suggesting that the positive context had reduced the 
aversiveness of the demand. Carr et al. (1976) also noted that high rates of SIB may have 
been discriminative for additional SIB, suggesting that the role of the positive context may 
have been to "break up the response chain". Although specifically designed to test the 
negative reinforcement hypothesis, the other conditions (i. e. "tacts" and "free time") could 
be considered tests of the positive and automatic reinforcement hypotheses respectively 
(i. e. attention was low in the "tacts" condition and no stimulation was provided in the "free 
time" condition"). Thus, the study can be considered one of the first in which more than 
one hypothesis could be tested during the same assessment. 
On the basis of the earlier Carr et al. (1976) study, Carr and Durand (1985b) refined the 
methodology to include conditions which directly tested specific maintaining variables. 4 
children, aged 7 to 14, (mental ages were 2 to 6 years) who showed SIB, aggression and 
tantrums were exposed to 3 experimental conditions designed to approximate classroom 
conditions (i. e. the target child sat at a table with the experimenter and another child with 
task materials within reach). The conditions, each lasting 10 minutes, manipulated levels of 
attention and demands, namely, "easy 100" (i. e. the child completed an easy task and 
attention was provided continuously), "easy 33" (the child completed an easy task and 
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attention was provided 33% of the time i. e. every 30 s), and "difficult 100" (i. e. the child 
completed a difficult task and attention was provided continuously). The easy 33 and 
difficult 100 conditions were alternated with the easy 100 condition, the latter acting as a 
"baseline" or control condition since low levels of problem behaviour were expected to 
occur. Results showed that disruptive behaviour occurred most often during the difficult 
100 condition for 2 children (suggesting that the function of the disruptive behaviour was 
escape), during the easy 33 condition (suggesting that the function was attention) for 
another and during the easy 33 and difficult 100 conditions for the remaining child 
(suggesting both escape and attention functions). Disruptive behaviour occurred at low 
levels during the easy 100 condition for all children. External validity of the methodology 
was established by exposing each child to 3 finiher conditions namely, "baseline" (i. e. the 
condition in which they had previously shown the most disruptive behaviour) "relevant 
response" (i. e. the children were taught to say a phrase that was functionally equivalent to 
the hypothesised function of the child's disruptive behaviour) and "irrelevant response" (i. e. 
the children were taught to say a functionally non-equivalent phrase). For example, if the 
function was hypothesised to be attention, then the phrase "Am I doing good work? " was 
taught during the "relevant response" condition whereas the phrase "I don't understand" 
was taught during the "irrelevant response" condition. Conversely, if the function was 
hypothesised to be escape, then the phrase "I don't understand" was taught during the 
"relevant response" condition whereas the phrase "Am I doing good work? " was taught 
during the "irrelevant response" condition. Results showed that disruptive behaviour 
remained at high levels during both the baseline and "irrelevant response" conditions for all 
children but reduced significantly during the "relevant response" phases, thus supporting 
the conclusions of the initial assessment. A significant limitation of the study, however, 
concerns the fact that, for the two children whose disruptive behaviour was hypothesised 
to be maintained by attention, it is unclear why SIB did not also decrease during the 
"irrelevant response" condition, given that the phrase "I don't understand" would also be 
likely to solicit attention. A second limitation is that SIB, aggression, and tantrums were 
combined into a "disruptive behavior" category. Thus it is possible that each topography of 
disruptive behavior may have been maintained by different variables. 
In a second study, Durand and Carr (1987) conducted a similar experimental analysis of 4 
children aged 7 to 13 whose stereotypic behaviour occurred "more frequently in task 
situations". Following exposure to the 3 "Carr & Durand (1985b)" conditions, all children 
showed highest rates of stereotypic behaviour during the difficult 100 condition, 
suggesting maintenance by escape. Each child was then exposed repeatedly to two 
conditions, namely, the difficult 100 condition and a "time outif condition (i. e. the difficult 
task was removed for 10 s contingent on stereotypic behaviour). Results showed that 
whilst stereotypic behaviour still occurred during the difficult 100, it increased during the 
time out condition, thus confirming the results of the initial assessment. Indeed, a 
127 
Functional analysis 
conditional probability analysis indicated that stereotypy occurred most often during "time 
in" (i. e. when tasks were presented) and less often during the "time out" period. In a 
further phase of the study, each child was again presented with the difficult 100 condition 
followed by a "treatment" condition, identical to the difficult 100 condition, except that the 
child, having previously been taught to say "help me" whenever he/she made an incorrect 
response on the task, was actually assisted with the task when he/she emitted the phrase. 
The treatment condition reduced the stereotypic behaviour to low levels. 
Following administration of the MAS on 50 children (see Indirect Assessment), Durand & 
Crimmins (198 8) exposed a sub-sample of eight children (2 drawn from each category of 
maintaining variable) to 3 sets of five, 10 min experimental conditions, namely, "baseline" 
(i. e. easy task presented, 100% attention provided, tangibles given contingent on every 
third correct response), "attention" (easy task, 33% attention), "escape" (difficult task, 
100% attention), "tangible" (i. e. easy task, tangibles given every ninth correct response), 
and "unstructured" (i. e. attention, tangibles and task materials available). Results of the 
experimental data were in complete agreement with the MAS data, suggesting that the 
MAS data were valid. A limitation with the study, however, concerns the use of the 
"unstructured" condition to test the automatic reinforcement hypothesis. Although Durand 
& Crimmins (1988) consider SIB would be "unlikely" to occur if it was maintained by 
social variables (i. e. attention, tangibles and task materials were all available), these events 
could also have been considered "stimulation" which may have competed with the 
automatically produced consequences of the SIB. Thus, if SIB was maintained by 
automatic reinforcement, low rates of SIB may also be expected in this condition. A 
further point concerns the use of the tangible condition. As Durand & Crimmins (1988) 
correctly point out, this study was one of the first to directly test the hypothesis that SIB 
may have been maintained by the contingent delivery of tangible items (or by escape from 
the denial of tangible items). In the case of tangible reinforcement, therefore, the operative 
reinforcement process could be either social-positive reinforcement or social-negative 
reinforcement. 
A fourth study conducted by Durand & Carr (199 1) involved 3 children aged 9 to 12 who 
showed both SIB and aggression. MAS data suggested that SIB and aggression was 
maintained by escape for 2 of the children and by attention and escape for the third child. 
Each child was then exposed to the "Carr & Durand (1985b)" experimental conditions (i. e. 
easy 100, easy 33 and difficult 100). Results confkmed the MAS data. 60 minute 
"baseline" observations were then conducted at random times in the child's classroom, each 
followed by a training phase during which all the children were taught to say the phrases Ill 
don't understand" or "help me" with the third child also being taught to say "am I doing 
good work? ". Results over a one year period showed that SIB and aggression had been 
reduced to low levels. However, at one year follow up, only two of the children's problem 
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behaviour remained at low levels. Subsequent observations revealed that, for the third 
child, the phrase "I don't understand" had "deteriorated in quality". Indeed a conditional 
probability analysis indicated that the probability of problem behaviour following teacher 
requests was high whereas the probability of teacher prompts following the child saying "I 
don't understand" was low, indicating that requests still evoked problem behaviour and 
that "I don't understand" did not produce teacher assistance. Further, the probability of 
teacher requests following the child saying "I don't understand" was high indicating that 
the teacher was simply repeating his/her request. Following "booster" sessions during 
which the child was taught to articulate the phrase clearly, observations were again 
conducted. Here the probability of problem behaviour following teacher requests was low 
whereas the probability of teacher prompts following the child saying "I don't understand" 
was high, indicating that requests did not evoke problem behaviour and that the child 
saying "I don't understand" produced teacher assistance. Further the probability of teacher 
requests following the child saying "I don't understand" was low. A subsequent 3 year 
follow up, during which the children had changed teachers and classrooms showed that all 
children maintained low levels of problem behaviour. Again, however, a limitation with the 
study concerns the fact that SIB and aggression were combined in the analysis. 
Using similar methodology, Oliver et al. (1993) conducted an experimental analysis 
involving a3 V2year old child with Rett's Syndrome who showed two distinct topographies 
of SIB, namely "mouth flicking" (a characteristic feature of Rett's Syndrome, see Chapter 
3) and "mouth hitting". The child was exposed to eight sets of four 15 min. conditions, 
namely, "continuous attention" (i. e. attention provided 100% of the time), "no-stimulation" 
(alone with no toys or objects), "stimulation" (i. e. alone with toys and objects) and 
"demands" (i. e. demands presented 100% of the time). Results indicated that "flicks" 
occurred at higher rates in the "no-stimulation" condition relative to the other conditions, 
suggesting that flicks were maintained by automatic reinforcement. Conversely, "hits" 
occurred at a higher rate in the continuous attention condition, suggesting that hits were 
maintained by escape from social interactions. Examination of the responding within 
experimental conditions indicated that hits increased during the continuous attention and 
demands conditions, suggesting that these conditions constituted a fixed interval schedule 
of escape, (as Carr et al., 1976 had suggested) thus adding further support to their 
hypotheses. Furthermore, in the continuous attention condition, it appeared that whilst the 
frequency of hits had increased over the duration of the session, the frequency of the 
child's flicks decreased, suggesting to Oliver et al. (1993) that the child's hits may have 
been "shaped up" from the flicks over time. Interestingly, this study is unique in that it 
tested directly whether or not the child's SIB was maintained by escape from social 
interactions per se as opposed to escape from demands. 
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A similar study had been conducted years earlier by Durand (1982) which also showed that 
two similar, but nonetheless distinguishable, topographies of SIB could be maintained by 
different variables. The individual, a 16 year old man who showed SIB consisting of "hits" 
(i. e. light head hits) and "flicks" (i. e. hard nose bangs) was exposed to four, 10 minute 
conditions administered in a reversal design, namely, "easy" (i. e. an easy task was 
presented every 20 sec. ), "difficult" (i. e. a difficult task was presented every 20 sec. ), 
"vibration + easy" (i. e. continuous vibration was applied to the individual's chair and an 
easy task presented), and "vibration + no demands" (i. e. no task was presented with 
vibration applied continuously). Results indicated that "flicks" occurred at higher rates 
during the "difficult condition" relative to the other conditions, suggesting that flicks were 
maintained by negative reinforcement. Conversely, hits occurred at lower rates during the 
"vibration" conditions, suggesting that hits were maintained by automatic reinforcement. 
These results were then replicated when a "brief' assessment (i. e. when the individual was 
exposed to the same conditions once only) was conducted prior to treatment 
implementation. 
Taylor & Carr (I 992a) conducted an experimental analysis in order to delineate 3 groups 
of children, namely "attention seekers", "social avoiders" and "non-problem" children. Nine 
children, aged 5 to II years (mental age I to 5 years) were selected if they "appeared to 
belong to a particular behaviour profile". On the basis of the results of an unpublished 
behaviour checklist, six of the children were assigned to a "high-frequency problem" group 
(i. e. they displayed 3 or more topographies of behaviour problems 10 times or more per 
day) and the three children were assigned to a "low-frequency" non-problem group (NP). 
Of the six problem children, three were assigned to an "attention-seeking" (AS) group and 
three to a "socially-avoidant" group (SA) on the basis of the results of a teacher interview, 
administration of the MAS, and direct observation of a 30-min work session. For each 
child, adult attention was manipulated in 3 experimental conditions : "noncontingent high- 
attention", (i. e. an easy task was presented 100% of the time), "non-contingent low- 
attention", (i. e. an easy task was presented 25% of the time) and "contingent attention" 
(i. e. attention was provided contingent upon the child initiating contact). In addition to 
problem behaviour (i. e. aggression, disruption, non-compliance and SIB), compliance, 
work, non-work, child initiations and "self-stimulatory" behaviour were also recorded. 
Results indicated that the rate of child social initiations during the "contingent attention" 
condition was high for the AS and NP groups and low for the SA group, indicating that 
children in the SA group were unlikely to initiate interactions compared to the AS group. 
(Data on child initiations for the other conditions were not presented however). The rate 
of problem behaviour occurring during the low attention condition was high for the AS 
group, whereas it was low for the SA and NP groups, thus confirming the validity of the 
AS group (i. e. low levels of attention evoked problem behaviour in the AS group). 
Interestingly, the rate of behaviour problems in the "high-attention" condition was low for 
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all groups. Taylor & Carr (I 992a) suggest that the low levels of problem behaviour shown 
by the SA group during the "high-attention condition" may have been due to escape 
extinction (i. e. social attention was not removed contingent on problem behaviour in the 
high-attention condition, therefore it was likely to decrease). Clearly, the results of this 
study should be treated with some caution given the "circular" arguments. 
Taylor, Ekdahl, Romancyck & Miller (1994) conducted an experimental analysis of the 
"active noncompliance and defiance" of 4 children aged 4 to 7. Children were identified if 
they "exhibited problem behaviour in response to task stimuli or social stimuli". Each child 
was exposed to 4 sets of 4 conditions, namely; high interaction task (i. e. individuals 
completed a task and were given "enthusiastic" attention every 10 s), low interaction task 
(i. e. individuals completed a task and were given "neutral" attention every 10s), high 
interaction play (i. e. enthusiastic attention given during play) low interaction play (i. e. 
neutral attention provided during play). High and low interaction conditions were 
combined in the analysis. Results indicated that, for 2 individuals, stereotypic behaviour 
occurred during the task and play conditions, suggesting that stereotypic behaviour was 
maintained by negative reinforcement, namely social avoidance. For the other 2 
individuals, disruptive behaviour occurred only during the task conditions suggesting that 
the behaviour was maintained by negative reinforcement, namely escape from tasks. A 
conditional probability analysis of the data also supported the conclusions, namely that the 
probability of stereotypic behaviour following requests and social interaction was high and 
the probability of stereotypy following no interaction was low for two individuals whose 
behaviour was maintained by social avoidance whereas the probability of disruptive 
behaviour following requests was high and the probability of disruptive behaviour 
following social interaction and no interaction was low for the two individuals whose 
behaviour was maintained by escape from tasks. 
Results from the studies using the Carr et al. (1976) methodology have shown that, by 
manipulating the levels of attention and demands in several experimental conditions and 
observing the subsequent effect on levels of SIB and stereotypy, the variables maintaining 
SIB and stereotypy can often be inferred. Thus, if SIB occurs during conditions in which 
low levels of attention are presented, then a positive reinforcement hypothesis is inferred. 
Similarly, if SIB occurs during a condition in which high levels of demands are presented, 
then a negative reinforcement hypothesis is inferred. The logic of the assessment is 
therefore to infer the maintaining contingency based on exposure to the relevant 
antecedent event. A moot point however concerns whether or not, in the "reduced 
attention" conditions, the presentation of attention for 10 seconds out of every 30 second 
in fact constitutes "deprivation" of attention, sufficient to evoke SIB. It is also interesting 
to note that no studies have shown that the behaviour under consideration necessarily 
extinguishes across condition repeats. This would be expected as a "side effect" of the 
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assessment since no (presumably reinforcing) contingencies for SIB are presented 
throughout the assessment. Perhaps the termination of each session itself might be, as Carr 
et al - (1976) suggested, the reinforcing event, which is subsequently sufficient to maintain 
the behaviour. Thus at the end of each session, demands are necessarily removed and 
attention may be provided by the experimenter. Despite these caveats, an advantage to the 
Carr et al. (1976) methodology over the "Lovaas" studies and other approaches (see 
below) is that it is unlikely that an irrelevant variable may be established as a relevant one 
as result of repeated exposure to irrelevant contingencies. 
Despite this, a somewhat different methodology has dominated the experimental analysis 
literature. Here, in a similar way to Lovaas et al. (1965), variables assumed to be 
maintaining SIB are presented contingent on the occurrence of SIB. These studies have 
become synonymous with the methodology of Iwata, Dorsey, Slifer, Bauman & Richman 
(1982) and will therefore be reviewed below. 
4.3.3 Studies adopting the lwata et al. (1982) methodology. 
The study by Iwata et al. (1982) has been considered one of the first "comprehensive" 
experimental analyses of SIB. The target individuals were nine children, aged I to 17 
years, who showed "moderate to high rates of SIB" and consequently had been admitted 
to an inpatient evaluation unit. Eight of the nine children were exposed repeatedly to sets 
of four 15-minute conditions, administered in a multi-element format, in which levels of 
antecedent attention, demands and contingencies for SIB were manipulated, namely: 
"social disapproval" (i. e. the experimenter was present in the room and provided attention 
of a mildly disapproving nature contingent on occurrences of SIB), "academic demand" 
(i. e. experimenter demands were presented and then removed for 30-s contingent on 
occurrences of SIB), "unstructured play" (i. e. SIB was ignored, play materials were 
present and attention was provided every 30-s contingent on appropriate behaviour) and 
"alone" (i. e. the child played alone in the room without access to toys or materials). The 
remaining child was exposed to only three of the conditions, namely, "social disapproval", 
"academic demand" and "alone". For all individuals, the number of sets of conditions 
conducted varied. Results indicated that for all children, the rate of SIB during 
unstructured play was low relative to the other conditions, suggesting to Iwata et al. 
(1982) that an "enriched environment" was conducive to low levels of SIB. For 2 children, 
the rate of SIB during the "academic demand" was high relative to the other conditions, 
suggesting that SIB was maintained by escape from demands (although, in fact, SIB 
occurred less than 20% of the time in these conditions). For one child, the rate of SIB 
during "social disapproval" was high relative to the other conditions, suggesting that SIB 
was maintained by attention. For 3 children, the rate of SIB during the "alone" condition 
was high relative to the other conditions, suggesting that SIB was maintained by automatic 
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reinforcement. Finally, for another 3 individuals, the rate of SIB was equivalent during two 
or more of the conditions, indicating either that the children could not discriminate 
between the conditions, that SIB was maintained by other "non-specified" variables, or 
that SIB was maintained by more than one variable. Interestingly, these 3 children were 
also the youngest of the nine children, suggesting perhaps, that the former possibility was 
the most likely. 
Overall then, the Iwata et al. (1982) study identified a maintaining variable for only 6 of 
the 9 children, suggesting somewhat limited internal validity. Iwata et al. (1982) rightly 
pointed out a number of potential limitations with the methodology however. Firstly, the 
schedule of attention delivered in the "social disapproval" condition may have contributed 
to the development of SIB in one individual and in any case, may have been so "rich" for 
the other individuals that it was unlikely to approximate naturalistic conditions (i. e. it is 
doubtful that the individuals received a CRF schedule of attention or escape in the natural 
environment). Secondly, high rates of SIB in the "alone" condition may have occurred due 
to the effects of extinction (i. e. the "alone" condition also included the withdrawal of 
attention). Thirdly, treatment data were not presented, thus the external validity of the 
methodology was not established. A fin-ther point concerns the fact that the levels of 
experimenter attention, demands and contingencies for SIB delivered to each individual 
were not monitored. The absence of such "treatment integrity" data in this and other 
studies therefore significantly reduces the "believability" of the results. 
Sturmey, Carlsen, Crisp & Newton (1988) conducted a "refinement and extension" of the 
"Iwata et al. (1982)" methodology in which three individuals, aged 26,32 and 22, who 
showed up to six topographies of stereotypic behaviour were exposed to the "Iwata et al. 
(1982)" conditions, except that in the "social disapproval" condition, attention was 
delivered every 30-s if the individual engaged in a "continous bout of stereotyped 
behaviour" (as opposed to contingent delivery). Using a 15-s momentary time sampling 
procedure, Sturmey et al. (198 8) found stereotypic behaviour to occur at higher rates 
during the alone condition relative to the other conditions for 2 of the individuals, 
suggesting that stereotypic behaviour was maintained by automatic reinforcement. For the 
remaining individual, stereotypic behaviour occurred at extremely low levels across all the 
conditions. Interestingly, the conclusions for all individuals did not change when the 
topographies of stereotypic behaviour for each individual were analysed separately (c. f. 
Oliver et al., 1993, reviewed above). Clearly, a significant problem with the study however 
concerns the use of the MTS recording procedure which may have contributed to the 




In a "systematic replication" of the Iwata et al. (1982) study, Iwata, Pace, Kalsher et al. 
0 990) exposed seven children, aged 4 to 16, who showed SIB that "significantly 
interfered with their performance of educational and self-care tasks" to the "Iwata et al. 
(1982)" conditions. In addition, one individual was also exposed to a "medical" condition 
(i. e. the experimenter performed a simulated medical examination and interrupted the 
"examination" for 30 s contingent on SIB). All of the children showed SIB almost 
exclusively during the "demand" (or "medical") condition, suggesting that SIB was 
maintained by negative reinforcement, although for 2 children, this only became evident 
following the completion of 20 sessions (i. e. 5 sets of 4 conditions). The results of the 
experimental analysis were validated for 6 of the 7 children through the introduction of 
extinction plus physical guidance procedures. For one individual, SIB had undergone a 
"subtle change" in topography and therefore also required a response blocking component. 
It is interesting to note that, had Iwata et al. (1990) not included a "medical" condition in 
their assessment for one individual (to assess whether or not a specific aversive event was 
associated with SIB) the results for this individual would have proved inconclusive (i. e. 
SIB occurred at low levels in the other conditions). Despite the obvious clinical utility of 
including additional conditions in the assessment (in order to isolate the effects of 
idiosyncratic events), however, Iwata et al. (1990) maintain: 
"it seems more desirable to classify behaviors such as SIB through reference to the 
more general contingency (i. e. positive reinforcement, negative reinforcement, 
automatic reinforcement) rather than to the stimuli that apply in any given case". 
(p. 17) 
According to Iwata et al. (1990) then, the goal of experimental assessment should not 
necessarily be to determine which specific events are associated with SIB (e. g. attention 
vs. tangible) but rather it is to determine the operative reinforcement process. 
In a journal issue devoted exclusively to experimental methods of functional analysis, 
Iwata, Pace, Dorsey et al. (1994) reviewed the results of 152 experimental analyses that 
they had conducted over an 11 -year period (i. e. the study included the data from all 
previously published studies such as Iwata et al., 1982 and Iwata et al., 1990). Only 3 
individuals had exhibited no SIB throughout the assessment conditions and so these 
individuals were removed from the analysis. The individuals, aged I to 51 had been 
exposed to 3 to eight conditions, although the standard "Iwata et al. (1982)" conditions 
Oe. attention, demand, alone and play) were usually conducted. Additional conditions (i. e. 
"food", "materials", "medical", "music", or "self-care") were added if responding was 
found to be undifferentiated in the standard conditions. Iwata et al. (1994) used one of 
four experimental designs for each individual; namely the standard "multi-element" (i. e. 
conditions alternated randomly), "fixed cycle", (i. e. alone-attention-play-demand, in order 
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to reduce or take advantage of "sequence effects")9 "reversal", or "pairwise, test-control" 
For each individual a minimum of 8 to 66,15 min sessions were conducted. Results 
indicated that, for 58 individuals (i. e. 38%), SIB occurred most often during the demand 
condition or other conditions associated with aversive stimuli, suggesting that SIB was 
maintained by negative reinforcement. For 40 individuals (i. e. 26%), SIB occurred most 
often during the attention condition or conditions associated with attention, suggesting 
that SIB was maintained by positive reinforcement. For 39 individuals (i. e. 25%), SIB 
occurred most often during the alone condition, suggesting that SIB was maintained by 
automatic reinforcement. For 8 individuals (i. e. 5%), SIB occurred in more than one 
condition, suggesting that the SIB was "multiply controlled" whilst for 7 individuals (i. e. 
4%), SIB showed an undifferentiated pattern across individuals. Iwata et al. (1994) 
suggest that these latter results could also be interpreted as SIB maintained by automatic 
reinforcement. As Iwata et al. (1994) correctly point out however, the study cannot be 
considered a true "epidemiological" study since many of the individuals showed SIB that 
had previously been demonstrated to be maintained by a particular social event. Thus, the 
sample was highly biased. Another point concerns the fact that, for many of the 
individuals, SIB also occurred in the "control" condition, suggesting that SIB may have 
been maintained by other contingencies, albeit weak ones, which were not tested in the 
assessment. To examine the validity of the assessment results, treatment data were also 
available for 121 individuals. Where treatment data were unavailable, "test" conditions 
were compared to the "control" condition within the assessment. Results indicated that 
treatments, based on the results of the experimental analysis, resulted in successful 
outcomes with "punishment" procedures necessary for only 7 individuals. Clearly, on the 
basis of this study it appears that the "extended" experimental methodology of Iwata and 
colleagues has high internal and external validity. 
However, this is not always the case. For instance, using the "Iwata et al. (1982)" 
methodology, Smith, Iwata, Vollmer & Zarcone (1993) identified 2 individuals, aged 19 
and 40, whose SIB occurred most often in the alone and attention conditions (suggesting 
that SIB was "multiply controlled" by automatic and positive reinforcement) and one 
individual, aged 37, whose SIB occurred in the alone and demand conditions (suggesting 
that SIB was maintained by automatic and negative reinforcement). When 2 successive 
treatments were applied, one for each maintaining contingency, SIB was eliminated in all 
individuals. However, for one of the individuals, SIB was eliminated following the 
introduction of a single treatment for one of the contingencies, suggesting that for this 
individual, the experimental analysis had identified an additional function that was, in fact, 
not operative. Interestingly, the additional "non-functional" reinforcer was attention, 
suggesting that sensitivity to attention may have been established as a result of the 
assessment process itself. Alternatively, as Smith et al. (1993) suggest, the attention 
condition may have contained features that were equivalent, in some respects, to the alone 
135 
Functional analysis 
condition (i. e. relative stimulus deprivation). This study therefore serves to highlight some 
of the weaknesses of the methodology. 
Lerman, Iwata, Smith et al. (1994) followed up 4 individuals who had suffered a 
subsequent relapse of SIB following a previous successful experimental analysis and 
treatment. Four adults, aged 22 to 46, had been previously exposed to the standard Iwata 
et al. (1982) assessment conditions. Results had indicated that SIB was maintained by 
social consequences in all individuals, namely, positive reinforcement for two individuals, 
and negative reinforcement for the other two individuals. Naturalistic observations 
conducted 2 months to 2 years later, prior to the second assessment for three individuals 
revealed that for 2 individuals, staff were not implementing the original treatment protocol. 
Indeed, for 2 individuals, re-assessment revealed an undifferentiated pattern of responding 
in each condition suggesting that SIB was now maintained by automatic reinforcement in 
those individuals. Interestingly, for I individual, this was despite a third reassessment, 
which was conducted using a "pairwise, test-control" design, employed to decrease the 
likelihood of "sequence effects" in the original multi-element design. For another 
individual, high levels of SIB in the "alone" condition indicated that an addition automatic 
reinforcement component was also maintaining SIB. On the basis of these results, Lerman 
et al. (1994) tentatively suggested that change in behavioural function over time may have 
contributed to subsequent treatment relapse. 
Based on the Iwata et al. (1982) methodology, several authors have attempted to explore 
different experimental methods in order to reduce the "risk" of establishing new 
behavioural functions. One such methodology is the "brief' assessment methodology of 
Wacker, Steege, Northup et al. (1990). 
4.3.4. Studies adopting the Wacker et al. (1990) methodology 
Following a visit to the University of Iowa by Iwata in 1986, Wacker et al. (1990), 
published the first of a series of studies, in which "brief' experimental analyses were 
conducted. Specifically, the method was designed simply because, at the University of 
Iowa, the assessment times were limited to 90 min. outpatient evaluations. The 2 
individuals of the study, aged 7 and 30, showed SIB and stereotypy respectively. The first 
individual was exposed to 7 sets of three conditions; "alone" (i. e. the individual engaged in 
free play, and no consequences were delivered), "attention" (i. e. attention was provided for 
15 to 30 s contingent on SIB), and "escape" (a task was removed for 15 to 30 s contingent 
on SIB), with a fourth condition added following the completion of 2 sets of conditions, 
namely, "tangible" (i. e. the individual received a desired object contingent on SIB). 
Sessions lasted 6 to 10 minutes. Results indicated that the individual engaged in SIB 
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during the "tangible" condition, suggesting that SIB was maintained by tangibles. The 
second individual was exposed to two sets of two of the conditions, namely "alone" and 
"escape", the results indicating that the individual's body rocking occurred exclusively 
during the "alone" condition, suggesting that stereotypy was maintained by automatic 
reinforcement. These results were validated by the subsequent successful implementation 
of logical contingencies for the problem behaviour together with functional communication 
training. Clearly an advantage to this approach is that, since assessments are conducted in 
time-limited periods (i. e. one session is conducted per condition), the risk of establishing a 
new behavioral function by repeated contact with irrelevant contingencies is substantially 
reduced. However, a clear disadvantage of the approach is that its reliability may be 
compromised (see below). 
A further study conducted by Cooper, Wacker, Sasso et al. (1990) was designed to 
illustrate that not only could efficient experimental analyses be conducted in limited time 
periods (i. e. 90 minutes) but they also could be conducted by the parents of the children. 
Eight children with "low average to superior intelligence", aged 4 to 9 who had "conduct- 
type disorders" were exposed to 5 experimental conditions once only. Prior to the study, 
parents were trained to manipulate the levels of demands and attention (recorded as 
"negative attention" and "positive attention") in each 10 min condition. Although the levels 
of appropriate behaviour displayed by the children in each condition was the main focus of 
the study, "inappropriate behavior" was also recorded and displayed. Specifically, a 
baseline condition (i. e. Iwata et al. 's (1982) play condition), was followed by 4 
"assessment" conditions, namely; LDI (i. e. an easy task was presented, appropriate 
behaviour was ignored and attention was provided contingent on problem behaviour); 
LDA (i. e. an easy task was presented, attention was provided contingent on appropriate 
behaviour whereas all problem behaviour was ignored); HDI (i. e. a difficult task was 
presented, appropriate behaviour was ignored and attention was provided contingent on 
problem behaviour) and HDA (i. e. a difficult task was presented, attention was provided 
contingent on appropriate behaviour whereas all problem behaviour was ignored). Results 
indicated that, for 7 of the children, high levels of appropriate behaviour and low levels of 
inappropriate behaviour occurred in the baseline condition. Low levels of positive attention 
also occurred in the baseline conditions. Indeed, data on the levels of attention (both 
positive and negative) provided by the parents during the conditions indicated that they 
followed the experimental protocol (i. e. attention was low during the LD1 and HDI but 
was higher during the LDA and HDA conditions). Cooper et al. (1990) discuss the results 
in terms of appropriate behaviour. Here, 7 individuals showed high levels of appropriate 
behaviour in the "high attention conditions (i. e. HDA and LDA). Inspection of the data for 
inappropriate behaviour indicates that for 6 of the individuals, inappropriate behaviour 
occurred most often during the LDI and HDI conditions, suggesting that inappropriate 
behaviour was maintained by positive reinforcement. For one individual there was an 
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undifferentiated pattern of responding. Cooper et al. (1990) however, correctly point to 
the lack of evidence supporting the conclusions of the study i. e. treatment results, or 
comparisons to lengthier analyses. Further, although Cooper et al. (1990) checked the 
integrity of the protocol in terms of attention rates, it is unclear whether or not attention 
was presented contingently. 
In order to overcome the validity problem, Northup, Wacker, Sasso et al. (1991) included 
several "reversal" phases in their "brief' assessment. (Although this study involved 
individuals who showed aggressive behavior as opposed to SIB, the study will be reviewed 
since the methodology has also been employed for individuals showing SIB, see below). 
Specifically, 3 individuals, aged 24,21 and 13 who showed aggression were exposed once 
to 5 to 10 min conditions, namely "alone" (i. e. the individual was left alone in a room with 
toys present), "escape" (i. e. a task was removed for 15-30 s contingent on aggression) and 
"tangible" (i. e. the individual was presented with a tangible item for 15 to 30 s contingent 
on aggression). Aggression, appropriate behaviour and signing were recorded. Following 
the initial assessment, three additional conditions were then conducted; a "reversal" 
condition, whereupon the consequence that appeared to maintain aggression in the initial 
assessment was delivered contingent on signing (aggressive behaviour was ignored), a 
"replication" condition (i. e. the consequence that appeared to maintain aggression was 
again delivered contingent on aggression) and finally the "reversal" condition was 
repeated. Results showed that signing increased during the reversal conditions whereas 
aggression occurred at low levels, suggesting that the correct maintaining contingencies 
had been identified. Northup et al. (199 1) argued that the assessment method was useful 
since it serves to identify the most appropriate treatment. 
In order to demonstrate the utility of brief assessments, Derby, Wacker, Sasso et al. (1992) 
summarised the results of 79 "brief' assessments that were conducted over a3 year period 
in their clinic. The individuals, aged I to 32, who showed a variety of problem behaviours, 
namely, aggression, SIB, and stereotypy were each exposed to differing numbers of 10 min 
conditions, based on prior information, most typically consisting of the conditions 
described in Northup et al. (199 1) (i. e. an "initial" phase consisting of "alone", "attention" 
and "escape" followed by a "contingency reversal" phase). Where problem behaviours 
either did not occur or the pattern of responding across assessment conditions was 
undifferentiated during the initial phase, individuals were taught an alternative response 
(usually signing) during the second phase. If the target behaviour was stereotypy, 
additional conditions such as "music" and Nibration" were included. The assessments were 
classified according to whether aberrant behaviour and alternative behaviour had increased 
during the assessment, whether only one had increased or neither had increased. Results 
indicated that only 50 of the individuals displayed one or more aberrant behaviours during 
the assessment. Of these individuals, 37 showed aberrant behaviour most often during one 
138 
Functional analysis 
of the conditions, suggesting that a specific maintaining contingency had been identified, 
the majority being that of escape. As Derby et al. (1992) pointed out, aberrant behaviour 
occurred in only 50 individuals during the assessment conditions, suggesting that the 
"brief" assessment methodology may be limited to the evaluation of "high-frequency" 
behaviours. Thus brief assessments appear to have low internal validity. 
Subsequent studies have further examined the utility of brief assessments. For instance, 
Northup, Wacker, Berg et al. (1994) compared the results of experimenter-conducted 
descriptive analyses of SIB and aggression to the results of teacher-conducted "brief' 
experimental analyses. The 5 children, aged 5 to II years, were observed for an 
unspecified duration during classroom activities with the results indicating that for four of 
the children, SIB appeared to be maintained by negative reinforcement (although for one 
child this hypothesis was not based on the observational data) and that for the other child, 
SIB was maintained by automatic reinforcement. These hypotheses were then tested in 
subsequent brief experimental analyses conducted by the child's teachers within the 
classroom. Children were exposed to a number of different conditions each lasting 10 
minutes, with the number of conditions conducted varying by individual. Specifically, 4 of 
the individuals each received "escape" and "attention" conditions with one individual 
receiving additional "tangible" and "free play" conditions, another receiving an additional 
"alone" condition (i. e. the teacher was present and either ignored or blocked SIB), and 
another receiving additional "free play", "high sensory" (i. e. a fan, battery-activated toys, 
music and preferred tangible items presented throughout the session) and "low sensory" 
(continuous music throughout the session only) conditions. The fifth individual received 
the "high sensory" condition, "high attention" (i. e. teacher interacting enthusiastically with 
the individual) and "low attention" conditions (i. e. teacher quietly reading a story). 
Treatments were then conducted in the classroom based on the results of the assessment 
which involved delivering the identified maintaining contingency to an alternative 
appropriate response. "Reversal" conditions were also conducted. Results of the teacher- 
conducted experimental analyses supported the preassessment hypotheses conducted by 
the authors for 4 of the children (i. e. SIB occurred most often during the demand 
conditions for 2 individuals, during the demand and attention conditions for one individual 
and during the alone condition for another individual). Subsequent treatments and 
reversals conducted over a two-year period supported the conclusions of the "brief' 
experimental analyses. Importantly, treatment integrity was monitored throughout the 
treatment and reversal phases and suggested that teachers could follow the treatment 
protocols. 
In another study, Derby, Wacker, Peck et al. (1994) conducted "brief' experimental 
analyses of 4 individual's aberrant behaviour, separating the effects of each category of 
aberrant behaviour in the subsequent analysis. The individuals, aged, 6 to 28, showed at 
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least two forms of aberrant behaviour, namely, SIB, stereotypy and aggression in different 
combinations. In addition, two of the individuals were exposed to an "extended" analysis 
with the other two being exposed to a "brief' analysis, both based on the methodology of 
Northup et al. (199 1). However, the distinction was merely in terms of the number of 
condition repeats conducted since all conditions lasted 5 to 10 min. Each individual was 
exposed to a number of conditions based on "prior hypotheses" of the maintaining 
variables. The first individual was exposed to 4 conditions, namely, "diverted 
attention/ignore" (i. e. the experimenters interviewed care-providers and ignored aberrant 
behaviour), "social attention" (i. e. attention was provided for 15 to 20 s contingent on 
aberrant behaviour), "high sensory" (i. e. loud constant noise presented throughout), and 
"escape-high sensory" (i. e. the loud noise was removed for 15 to 30 s contingent on 
aberrant behaviour). The authors argued that the "high sensory" condition assessed a 
"sensory reduction" contingency whereas the "diverted attention/ignore" condition 
assessed a "sensory induction" maintaining contingency. However, these were not 
distinguished in the subsequent interpretation of the data. Results showed that when the 
data for SIB and stereotypy were "lurnped" into an "aggregate" category (i. e. "aberrant 
behaviour") an undifferentiated pattern across conditions occurred. However, separate 
analyses of SIB and stereotypy indicated that SIB increased during the social attention 
condition, (suggesting that SIB was maintained by positive reinforcement), whereas, 
stereotypy occurred at high rates in all conditions except the social attention condition, 
(suggesting that stereotypy was maintained by automatic reinforcement). The second 
individual was exposed to five conditions, namely, "diverted attention/ignore", "social 
attention", "noncontingent attention" (i. e. noncontingent attention was provided during 
ftee play), "escape-task" (i. e. a task was removed for 15 to 30 s contingent on aberrant 
behaviour), and "tangible" (i. e. a preferred toy was provided for 15 to 20 s contingent on 
aberrant behaviour). An aggregate analysis indicated that aberrant behaviour occurred 
most often during the "diverted attention/ignore" condition (suggesting that aberrant 
behaviour was maintained by automatic reinforcement and/or attention) whereas a 
"separate" analysis indicated that SIB occurred most often during the "escape-task" 
condition (suggesting negative reinforcement) and stereotypy occurred most often during 
the "diverted attention/ignore" condition (suggesting automatic reinforcement and/or 
attention). The authors argued that the "aggregate" analysis produced different results to 
the "separate" analysis because stereotypy occurred at higher rates than SIB, thus 
"masking" the function of SIB in the analysis. ) The third individual was exposed to 4 
conditions, namely, "diverted attentionfignore", "alone" (i. e. the individual sat alone in the 
classroom), "escape-task" and "noncontingent attention". Results revealed an 
undifferentiated pattern of responding when an aggregate analysis was conducted, whereas 
a separate analysis indicated that stereotypy increased in all conditions except "escape- 
task" (suggesting automatic reinforcement) whereas aggression increased during "escape- 
task" (suggesting negative reinforcement). Finally, the fourth individual was exposed to 3 
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conditions, namely, "diverted attention/ignore", "social attention" and "escape task". 
Results again revealed an undifferentiated pattern in the aggregate analysis but suggested a 
positive reinforcement or automatic reinforcement hypothesis for SIB and a positive and 
negative reinforcement hypothesis for aggression. The results for the third and fourth 
individuals were confirmed in "contingency reversal" phases. 
In another variation of the brief experimental methodology, following a descriptive analysis 
(see above), Taylor & Romanczyk (1994) attempted to confirm their hypotheses using the 
experimental methodology of Cooper et al. (1990). Problem behaviour, on-task behaviour 
and attention were recorded. Results indicated that for 5 of the children, problem 
behaviour occurred most often during the "low attention" conditions (i. e. LDI and HDI 
conditions), suggesting that the problem behaviour was maintained "in whole, or in part" 
by attention. Conversely, for 9 of the children, problem behaviour occurred most often 
during the "high demand" conditions (i. e. HDI and HDA conditions) suggesting that the 
problem behaviour was maintained "in whole, or in part" by escape. One individual was 
reported to display an undifferentiated pattern of responding. Taylor & Romanczyk (1994) 
suggested that these data are concordant with the results of the first phase of the study for 
14 of the fifteen children. However, a number of limitations with the study suggest that the 
results should be interpreted with caution. Firstly, levels of attention in response to 
appropriate behaviour were reported as evidence of procedural integrity rather than levels 
of instructions. Secondly, it is unclear whether the LDI and HDI conditions contained "low 
levels" of attention since attention was delivered contingent on problem behaviour in these 
conditions. Thirdly, children showing high levels of problem behaviour in the HDI 
condition was presented as evidence for both the attention and escape hypotheses. Finally, 
inspection of the data shows that, in fact, two children showed an undifferentiated pattern 
of responding across conditions and not just one. 
Given that the brief assessment methodology has appeared to be somewhat limited in 
terms of internal validity, Vollmer, Iwata, Zarcone et al. (1993) devised a methodology to 
incorporate the advantages of both "brief' and "extended" methodologies. 
4.3.5. Studies adopting the Vollmer et al. (1993) methodology. 
In the first of two studies, Vollmer et al. (1993) compared the results of an "extended" 
analysis to the results obtained from "brief ' analyses. In fact, the "brief ' analysis involved 
simply analysing the results of the first few sessions of the "extended" analysis in more 
detail (i. e. minute by minute). Specifically, Vollmer et al. (1993) exposed four individuals, 
aged 21 to 40 years, who showed SIB to the standard "Iwata et al. (1982)" conditions and 
found that, on the basis of the extended analysis, SIB was maintained by escape for two 
individuals and by attention for one individual. For one individual, however, responding 
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was undifferentiated across conditions. However, by analysing the first few sessions in 
greater detail (i. e. equivalent to a brief "minute-by-minute" analysis) results showed that in 
fact, SIB was sensitive to attention but that extinction bursts followed the attention 
sessions and therefore elevated the overall mean levels of SIB in the other conditions, thus 
producing the undifferentiated results. This may have been exacerbated by the fact that the 
individual may not have been able to discriminate between the conditions because the 
individual was blind. On the basis of these results, Vollmer et al. (1993) suggest that 
within-session trends should be analysed as a matter of course. 
In the second study, Vollmer, Marcus, Ringdahl & Jones (1995) exposed 20 individuals, 
aged 3 to 21 to a series of 5 conditions (ie. the standard "Iwata et al. (1982)" conditions 
plus a "tangible" condition). All individuals participated in the first phase, (i. e. "brief"), 
with some individuals participating in additional phases (i. e. "multi-element", "extended no 
interaction" and "reversal design") depending on whether or not the results of an earlier 
phase were "undifferentiated". For the "brief' phase, 8 to 12,10 min sessions were 
conducted, thus approximating the "brief functional assessment" methodology of Wacker 
and colleagues ("within- session" analysis was employed, see above). Of the eighteen 
children who showed SIB, only 4 showed differentiated patterns (2 showed the highest 
rates of SIB in the tangible condition, one in the alone condition and one in the tangible 
and escape conditions). 14 children therefore participated in phase 2 in which an 
unspecified number of additional sessions per condition were implemented, thus 
approximating to the standard "multi-element" assessment of Iwata and colleagues. Results 
indicated that a further 4 individuals showed differentiated patterns (2 showed the highest 
rates in the tangible condition and 2 in the escape condition). 10 children therefore 
participated in phase 3 in which an unspecified number of "no interaction" sessions (i. e. 
alone) were conducted. Results showed that 5 of the children's SIB "persisted" in the alone 
condition suggesting that the SIB in those children was maintained by automatic 
reinforcement. 5 children (whose SIB had extinguished in the alone condition) participated 
in phase 4 in which the 5 conditions were presented in a "reversal" format for an 
unspecified number of sessions. Results showed that for a further 2 children, a 
differentiated pattern emerged with one child showing highest rates of SIB in the escape 
condition and the other showing high rates in the escape and tangible conditions. Overall 
then, over the course of the 4 phases of the study, a specific maintaining variable was 
identified for 15 of the eighteen children who showed SIB. Of the 15,4 children showed 
SIB that was maintained by tangible consequences, 3 by escape, 2 by escape and tangibles, 
and 6 by automatic reinforcement. A surprising feature of the study, given the ages of the 
children, concerns the fact that none of the children showed SIB that was maintained by 
attention. Rather, tangibles was a predominant maintaining variable. A further point 
concerns the ages of the children whose results were undifferentiated. Although 
undifferentiated results occurred in the youngest individuals in the Iwata et al. (1982) 
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study (see above), the ages of the children whose results were undifferentiated in this 
study were 4,15 and 2 1. Although not discussed by Vollmer et al. (1995), the fact that 
differentiated outcomes only occurred following over 12 hrs of assessment in 2 cases 
suggests that sensitivity to the contingencies may have been established as a result of the 
assessment. As Vollmer et al. (1995) point out: 
"The more sessions and phases completed, the more likely it is that the assessment 
will yield differentiated outcomes. " (p. 570). 
Clearly however, the "differentiated outcome" may be due to the effects of reinforcement 
as opposed to the internal validity of the assessment itself. 
Given the strengths and limitations of each assessment method it seems wise not to rely 
solely on the results obtained from one assessment method. Several studies have therefore 
compared the results obtained from conducting more than one form of assessment. 
4.4. Comparison of methods. 
Only two published studies have systematically compared the results of descriptive and 
experimental assessments of SIB. Given the results of descriptive assessments (see above), 
Lerman & Iwata, (1993) exposed six individuals who showed SIB to the standard "Iwata et 
al. (1982)" conditions. For the purposes of direct comparison with the descriptive 
assessment, all the behaviour categories that had been recorded in the descriptive 
assessment (see above) were included except the "attention removal" category. Data were 
analysed in terms of conditional probabilities, the results indicating that for four of the 
individuals, the probability of SIB following instructions and the probability of SIB 
preceding instruction removal was higher than the other conditional probabilities, 
suggesting that SIB was maintained by social-negative reinforcement. (Interestingly, data 
for the probability of SIB preceding instructions and the probability of SIB following 
instruction removal were not presented). For I individual, the probability of SIB preceding 
attention and the probability of SIB following no interaction was higher than the other 
conditional probabilities, suggesting that SIB was maintained by social-positive 
reinforcement. (Again, data for the probability of SIB following attention and the 
probability of SIB preceding no interaction were not presented). For the final individual, 
the probability of SIB preceding and following "no interaction" was higher, suggesting that 
SIB was maintained by automatic reinforcement. Clearly, the study is interesting in several 
respects. Firstly, analysing the data in terms of conditional probabilities, provides a useful 
method of establishing the integrity of the independent variable. For instance, although the 
data were not presented in the study, the conditional probability of attention preceding and 
following SIB should have been 0.0 and 1.0 respectively in the attention conditions. 
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Similarly, the conditional probability of demand removal preceding and following SIB 
should also have been 0.0 and 1.0 respectively in the demand conditions. Secondly, 
although it is unclear whether or not differentiated results would have occurred, had the 
usual method of analysis been employed (i. e. condition means), an analysis employing 
conditional probabilities, produced clear results for all participants. In terms of comparing 
the results to the descriptive assessments, the results were in agreement for only one 
individual (whose SIB was maintained by automatic reinforcement). However, there were 
limitations with the descriptive assessment, which have previously been discussed (see 
above). 
One of the first studies to directly compare the results of all three methods of assessment 
(i. e., indirect, descriptive and experimental) was conducted by Oliver (199 1). Each method 
was carried out by a different "assessor" with five adults showing SIB (three showed three 
topographies of SIB, one showed two topographies and one showed one topography). For 
the indirect assessment, a semi-structured interview was administered to each individual's 
primary care-giver using a format designed to identify five possible variables associated 
with SIB, namely, attention, self-stimulation, demand escape, social escape and tangibles. 
Although the analysis focused on each separate topography of SIB, for two individuals, 
topographies of SIB were combined into a "lumped" category. Results from the interviews 
indicated that for one individual, one topography of SIB (self-hitting) was maintained by 
demand escape and social escape, for another individual, SIB was maintained by three 
variables, (i. e. tangibles, demand escape and social escape), for another, SIB was 
maintained by four variables (i. e. self-stimulation, demand escape, social escape and 
tangibles) and for two individuals, SIB was maintained by self- stimulation. For the 
descriptive analysis, each individual was observed in his/her day-care setting for 3 to 3V2 
hours using a5 sec "interval" recording method. In addition to SIB, seven behaviour 
categories were recorded, namely, "staff presence", "positive vocalisation", "negative 
vocalisation", "demands", "physical restraint", and for one person "remove hand and wipe 
hand". A conditional probability analysis was conducted in which the probability of an 
event preceding and following each target individual's response was calculated in each 
interval (for four intervals either side of each response) with each conditional probability 
being compared to its respective base rate using the Yule's Q statistic (see Chapter 7). Due 
to an insufficient number of occurrences of SIB available for some analyses, the 
topographies of SIB were "lumped" together for 3 individuals. Results indicated that for 
one individual, two topographies of SIB were maintained by demand escape and one 
topography was maintained by attention and self- stimulation, for another individual, SIB 
was maintained by 3 variables (i. e. self-stimulation, social escape and tangibles), for 
another also by 3 variables (i. e. attention, social escape and tangibles), for another by 2 
variables (i. e. attention and tangible) and for another also by two variables (i. e. attention 
and self- stimulation). 
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For the experimental analysis, individuals were exposed to at least four conditions (see the 
Oliver et al., 1993 study, reviewed above) designed to test four variables, namely, 
attention, self-stimulation, demand escape and social escape. Results indicated that for two 
individuals, SIB was maintained by demand escape, for one individual SIB was maintained 
by demand escape and social escape, and for another SIB was maintained by attention. For 
one individual, no maintaining variable was identified. Clearly then, agreement between the 
methods was poor. A number of limitations with the study, however, suggest that these 
results should be interpreted cautiously. For instance, each method was conducted by 
different "assessors" which may have affected some of the conclusions that were drawn. 
Secondly, the experimental analysis did not include a "tangible" condition (although it is 
also unclear how a "tangible" conclusion could also be reached in the descriptive 
assessment given the behaviour categories recorded). Finally, in the interview and 
descriptive assessments, some of the topographies of SIB were combined in the analysis, 
but were not so combined in the experimental analysis. In fact, some of the topographies 
of SIB did not occur in the experimental assessments, thus limiting the conclusions that 
could be drawn. Despite these limitations, it appears that, in general, the indirect 
assessment identified more variables associated with SIB than the descriptive and 
experimental assessments with the experimental assessment failing to identify a maintaining 
variable associated with SIB in one individual. 
Crawford, Brockel & Schauss (1992) also compared the outcomes of all three methods of 
functional analysis, producing better results with regard to agreement. 4 individuals, aged 
23 to 46 who showed "high rates" of stereotypic behaviour participated. For the indirect 
assessment, an MAS was completed for each individual by eight staff, with the results 
indicating that the primary maintaining variable for each individual was "sensory" 
(although there was some degree of variability across informants). For the descriptive 
assessment, two care-staff observed each individual in four 15-min periods using a1 -min 
time sampling procedure, recording antecedent, concurrent and consequent events in the 
order in which they occurred at the end of each I -min interval. Each episode of stereotypic 
behaviour was classified as either "attention", "escape/avoidance", "tangible", or "sensory" 
according to whether or not social interaction or tangibles preceded or followed the 
behaviour. Results again indicated that "sensory" was the primary maintaining variable (i. e. 
the vast majority of episodes were preceded and followed by no interaction), in complete 
agreement with the MAS results. The individuals were then exposed to 2 sets of four 
experimental conditions, similar to those conducted by Iwata et al. (1982). Results showed 
an undifferentiated pattern for 3 individuals with the remaining individual showing high 
rates of stereotypic behaviour in the "sensory" and "control" conditions, reflecting fair 
agreement between the experimental analysis and the indirect and descriptive assessments. 
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However, the descriptive assessment could be considered limited, given that aI minute 
time sampling procedure was used. 
In summary, research on the functional analysis of SIB and stereotypic behaviour has 
shown that SIB in most individuals is maintained by social-positive and social-negative 
reinforcement, in particular by the presentation of attention and/or the removal of aversive 
events such as demands provided by care-givers. Conversely, most studies have shown 
that stereotypic behaviour is maintained by non-social variables (i. e. automatic 
reinforcement). However, some studies have also shown that stereotypic behaviour may be 
sensitive to social variables. Each method of analysis, however, has particular associated 
limitations which preclude definitive conclusions to be drawn. A useful summary of the 
strengths and limitations of each particular method of functional analysis has been provided 
by Iwata et al. (1990) and is therefore shown below in Figure 4.7. (As noted above, Iwata 
and colleagues equate "experimental analysis" with "functional analysis". However, in light 
of the problems associated with experimental assessments noted above, this qualification 
may appear somewhat premature). 
INDIRECT ASSESSMENT DESCRIPTIVE ANALYSIS FUNCTIONAL ANALYSIS 
Procedure Subjective verbal report of Quantitative direct Quantitative direct 
behavior under naturalistic observation of behavior under observation of behavior under 
conditions 
Advantages Efficiency and ease of 
application 
naturalistic conditions 
Objectivity, relevance to 
everyday events 
preselected and controlled 
conditions 
Objectivity, high degree of 
control allowing for 
identification of functional 
relations 
Disadvantages Questionable reliability and 
validity 
Complexity, inability to 
identify effects of subtle or 
intermittent variables, 
potential "masking" by 
irrelevant events 
Complexity, potential 
insensitivity to idiosyncratic 
events, potential risk of 
establishing new behavioral 
function 
Figure 4.7. lwata et al. 's (1990) "summary of methods". 
The results of studies that have employed indirect methods, although useful in some 
respects, can perhaps be interpreted with the least confidence. Descriptive methods of 
assessment, on the other hand, could be considered perhaps the most appropriate method 
of assessment with which to examine the reciprocal nature of social interactions, 
particularly for young children who may not be able to discriminate between the 
experimental conditions in an experimental analysis. Indeed, descriptive methods may have 
been overly cnticised in some respects (see Iwata et al., 1990) particularly since some of 
its limitations (i. e. the potential for "masking" and the inability to detect intermittent 
schedules) can be addressed by conducting a more "careful" conditional probability 
analysis (see above). Indeed, Sackett (1987) has suggested that, in fact, "the same 
interpretative logic as in the controlled experiment would hold" if the sequences of 
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recorded events in the descriptive data can be considered "experiments". Conversely, the 
experimental approach can be criticised primarily because Only a limited number of 
environmental events can be considered in the assessment, thus other events that may be 
potentially associated with SIB are simply not tested. Also, by presenting environmental 
events contingent on SIB, irrelevant events may be established as relevant ones as a result 
of the assessment process, particularly so in "extended" analyses. However, it should be 
pointed out that "the potential risk of establishing new behavioral function" criticism does 
not apply, to the same extent, to the studies which have employed the "Carr et al. 
methodology". In addition, in many respects the results of the Iwata et al. (1982) type of 
experimental analysis can be considered somewhat paradoxical. For instance, if SIB occurs 
at high rates when an environmental event is presented contingently, the event is 
considered relevant. Equally however, the event could be considered relevant if SIB 
occurs at low rates. Given that both descriptive and experimental methods of assessment 
have considerable weaknesses, several authors have suggested, as did Bijou et al. (1968) 
years earlier, that both methods should be integrated. 
In this chapter, several methods of functional assessment have been reviewed. These 
methods have received considerable attention in the literature because of the overwhelming 
success of operant treatment methods (see reviews of Carr, 1977, Baumeister & Rollings, 
1976, Frankel & Simmons, 1976 and Carr & Durand, 1985a). Nevertheless, as discussed 
in Chapter 3, it is likely that operant theories cannot account solely for the development 
and maintenance of SIB. Theories which have attempted to integrate the operant account 





Integrated theories of stereotypic behaviour and SIB. 
Given that no single theory can be seen to account solely for the origin and maintenance of 
SIB, several authors have Implicated more than one hypothesis. Three models for the 
development of SIB will be reviewed below. 
5.1. Romancyck's (1986) model 
One of the first of these to appear was Romancyck's "complex behavioural" or "operant- 
respondent" model (Romancyck, Kistner & Plienis, 1982, Romancyck, 1986; Romancyck, 
Lockshin & O'Connor, 1992). The model, as presented in Romancyck (1986), is shown 











Conditioned response (decrease arousal) 
I 
Reinforcement (arousal reduction) 
I 
Increased Probability of SIB 
Figure 5.1. Romancyck's (1986) "complex behavioural" model. 
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Romancyck (1986) describes the model as follows. Firstly, engaging in SIB elicits an 
unconditioned stimulus, that of pain. This is then followed by an unconditioned response, 
to arousal" which in turn elicits escape behaviour. Romancyck (1986) argues that the escape 
behaviour is often, in fact, SIB itself, because in the past, SIB may have led to restraint 
which in turn resulted in lowered arousal (a reinforcing event). Thus Romancyck (1986) 
conceptualises SIB as an escape response evoked by the arousal produced by engaging in 
SIB - the so-called "viscous circle". In support of the model, Romancyck et al. (1982) 
presented the case of a young girl whose SIB began following a loud noise or "when in 
danger of falling" and "was seen to evolve over the course of a few days" (p. 220). They 
also described the case of a young boy whose SIB appeared to begin following the birth of 
a sibling and subsequently occurred following the "sight or sound of a baby crying" 
(p. 22 1). Thus, Romancyck et al. (1982) consider the initial occurrences of SIB to be 
respondent in nature (i. e., SIB is elicited by stimuli), with environmental events then acting 
to shape and maintain the behaviour. Thus, a clear distinction is made between the factors 
associated with the origin of SIB and its subsequent maintenance. Thus, as pointed out by 
Romancyck et al. (1992), the "behavioral model does not adequately account for the initial 
occurrence of self-injurious behavior". (p. 100). However, no direct tests of the model itself 
have been conducted. 
This model is, in fact, not unlike that proposed years earlier by Frankel & Simmons (1976) 
who stated: 
"A child demonstrating unconditional emotional respondents in the form of 
responses which are intense enough to cause pain is often likely to be reinforced by 
the immediate attention of a nearby adult. In this manner, pain may become a 
conditioned positive reinforcer .... Two environmental changes that take place over 
time serve to increase the intensity of the behavior. The first is the increase in the 
child's pain tolerance; the second is the caretaker's decreased tendency to respond 
to the same intensity of self-injurious behavior". (p. 514). 
Thus, the theory views SIB as emerging from respondent "emotional" behaviour. This type 
of sequential development has been put forward by Guess & Carr (199 1). The Guess & 
Carr (199 1) model, described below, does not include emotional responses however. 
5.2. Guess & Carr's (1991) model. 
Guess & Carr (199 1) have incorporated the behaviour state, arousal and operant theories 
of SIB into an integrated model to account for the development of stereotypic behaviour 
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and SIB. Guess & Carr's (1991) "three-stage" theoretical model is presented below in 
Figure 5.2. 
Rhythmic Patterns 
as an Internally Regulated 
Behavior State Condition 
Rhythmic Patterns as an Adaptive Response to 
Environmental Stimulation 
(Homeostasis) 
Low Arousal Results in High Arousal Results in 
Stimulation Production Stimulation Reduction 
Responses Responses 
Rhythmic Patterns as a Learned Behavior to 
Control Others 
(Operant) 
Stereotyped Behavior ->Seff -Injurious Behavior 
Maintained by Maintained by 
Positive Reinforcement Positive Reinforcement 
Negative Reinforcement Negative Reinforcement 
Figure 5.2. Guess & Carr's (1991) model. 
Here, the arrows in the model represent transitions and interactions between the three 
levels. In the first stage of the model, the "rhythmic patterns" are similar to "behavior 
states" i. e., "they are primarily internally regulated, potentially adaptive, and likely 
represent an index of maturation and development". In the second stage, the behaviours 
are "adaptive in nature and serve as a mechanism for modulating arousal in response to 
changing levels of environmental stimulation". Here the transition between level I and 
level 2 is thought to occur when the individual becomes "more cognitively aware of, and 
aroused by, environmental conditions and events" (p. 3 10). Level 3 of the model 
"recognises the large literature demonstrating that stereotypic, and especially self-injurious 
behaviors are often controlled by multiple operant factors". Here, Guess & Carr (199 1) 
state that "the use of stereotypy and especially self-injury to control others via reinforcing 
consequences possibly represents a developmentally higher strategy". The transition 
between level 2 and level 3 is thought to reflect "a more focused contingency awareness, 
coupled with emerging, socially based motivational needs". Indeed, Guess & Carr (199 1) 
describe SIB and stereotypic behaviour as "attractors" (i. e. terminology used in Chaos 
science), suggesting that the transition in the third level from stereotypic behaviour to SIB 
may occur as a result of a nonlinear "phase change". They recognise however that the 
emergence of SIB may be "slow and difficult to observe" stating that it, "might reflect a 
minute and undetectable endogenous event or exogenous event" (p. 3 10). 
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Guess & Carr (199 1) describe several ways in which the model could be tested. For 
instance, in order to test level I of the model, they suggest that time series analysis could 
be conducted on stereotypic behaviour to determine its cyclicity and responsiveness to 
environmental events. (This type of analysis has, however, revealed little useful 
information about stereotypic behaviour and SIB, see chapter 3). To test level 2 of the 
model, they suggest that arousal levels could be monitored to determine whether or not 
arousal is associated with SIB. However, whether arousal could be shown to have elicited 
the behaviours is difficult to determine. They suggest that level 3 of the model could be 
tested by an examination of "child effects" (see Chapter 4). Here they argue that a sub- 
class of stereotypic behaviour should emerge which is under social control. Specifically, 
they speculate that SIB may then emerge when socially controlled stereotypy undergoes 
brief extinction, stating; 
"If the stereotypy was, for instance, hand-flapping, then extinction could well transform 
the intensity and topography of this behavior so that it more closely resembled self- 
injury (e. g., face slapping). Ultimately, it may be possible to conceptualize stereotypy, 
in this case, as a setting event for self-injury". (p. 314). 
Clearly, level 3 of the model is perhaps the most testable. For instance, on the basis of the 
model, it can be predicted that stereotypic behaviour should decline in frequency as SIB 
slowly emerges in the child's repertoire. In addition, the model would predict that 
stereotypic behaviour should acquire functional properties before SIB emerges. Guess & 
Carr (199 1) emphasise however, that the levels are not necessarily mutually exclusive (i. e. 
the levels may overlap and transitions between levels may occur dynamically). Essentially 
though, the model views SIB as a result of an interaction between endogenous and 
exogenous variables. This type of model has also been put forward by Oliver (1993). 
5.3. Oliver's (1993) model. 
Oliver (1993) has attempted to integrate the biological and operant theories of SIB into a 
model to account not only for the maintenance of SIB but also for the development of 
more severe SIB. The complete model is shown below in Figure 5.3. Specifically, Oliver 
(1993) contends that the critical aspect of SIB is its aversiveness to others. (The behaviour 
of others is represented in the model by italicised text). Given this assumption, the 
presentation of SIB to others (an aversive stimulus) prompts others to engage in an escape 
or avoidance strategy which has in the past led to the cessation of SIB. This strategy, in 
turn, provides positive or negative reinforcement to the individual engaging in SIB which 
thus increases the likelihood that he/she will engage in SIB in the future, given similar 
circumstances. These "circumstances" are depicted in the model as establishing operations 
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(i. e. motivational variables such as deprivation or aversive stimulation which increase the 
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Figure 5.3. Oliver's (1993) model. 
In turn, when the individual receives reinforcement, an "abolishing operation" is in effect 
(i. e. a variable which decreases the value of a reinforcer and thus decreases the likelihood 
that SIB will occur). Given that SIB has ceased temporarily, the removal of the aversive 
stimulus (i. e. SIB) constitutes negative reinforcement to others, thus increasing the 
likelihood that they will present the same strategy in the future. In this respect, Oliver's 
model (1993) is not dissimilar to Carr and Durand's (I 985a) description of SIB and its 
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effect on others. For instance, in describing the likely sequence of events that occur when 
problem behaviour is maintained by attention, Carr & Durand (I 985a) stated: 
"A child behaves in an obnoxious manner. An adult responds by providing a positive 
reinforcer such as attention. The child stops the obnoxious behaviour. In this sequence, 
the child's obnoxious behaviour is positively reinforced (by attention) and the adult's 
attending behaviour is negatively reinforced (by the cessation of the child's obnoxious 
behaviour). (p. 237). 
A similar analysis is also presented for the case of problem behaviour maintained by 
escape: 
"An adult presents the aversive stimulus (demand) to the child. The child responds by 
behaving in an obnoxious manner. The adult then reacts by withdrawing the aversive 
stimulus at which point the child responds by ceasing to behave obnoxiously. In this 
sequence, the termination of instructional efforts by the adult is negatively reinforced by 
the cessation of the child's obnoxious behaviour. Therefore, in the future, the adult will 
be more likely to respond to the child's misbehaviour by withdrawing demands. Also in 
this sequence, the child's obnoxious behaviour is negatively reinforced by the 
withdrawal of adult demands. Therefore, in the future, the child will be more likely to 
respond to adult demands by misbehaving. " (p. 220). 
In addition, Oliver (1993) speculates that SIB may develop into severe SIB through the 
process of desensitisation of others, "a well documented phenomenon therapeutically 
employed in interventions for phobias" (p. 177). Following repeated exposure to SIB, 
Oliver (1993) contends that others are "desensifised" and are thus therefore less likely to 
present the "strategy" which has in the past has led to the cessation of SIB. Given periods 
of non-reinforcement, SIB is likely to increase in rate and intensity, thus constituting an 
of unignorable" aversive stiirnulus to others. Carers then implement their strategy, thus 
inadvertently reinforcing higher rate SIB. This theory is not unlike that put forward by 
Frankel & Simmons (1976) described above. 
The top part of the Oliver (1993) model depicts the biological and sensory stimulation 
accounts. In the biological account of SIB, engaging in SIB produces a release of 
endorphins in the brain resulting in positive reinforcement, thus increasing the likelihood 
that it will occur in the future. As a consequence of endorphin release, doparnine receptor 
sensitivity may also be increased which itself may lead to further SIB. Endorphin release 
also produces pain insensitivity, thereby reducing the "response cost" of engaging in SIB 
and making it more likely that individuals will continue to show SIB. In the sensory 
stimulation account, Oliver (1993) argues that SIB produces "stimulation" resulting in 
153 
Integrated theories 
positive reinforcement. However, negative reinforcement, in the form of the removal of an 
aversive stimulus (e. g. an itch) is not advanced. 
There are, however, a number of problems with the model. Firstly, the model does not 
account for how SIB came into the individual's repertoire in the first place (i. e. there 
appears to be no role for stereotyped behaviour, minor illnesses, respondent behaviour). 
Secondly, the model fails to account for why others should either leave the individual alone 
or present demands in the future given that they will be punished for doing so (albeit 
negatively reinforced once the SIB ceases). Thirdly, the model does not specify which 
process is likely to come first in the development of SIB (i. e., does the sensory mechanism 
precede the operant one which in turn precedes the biological mechanism once severe SIB 
is established, or do all three processes occur simultaneously? ). In order to account for 
some of these difficulties, Oliver (1993) also describes how the three integrated 
"processes" (i. e., social conditioning, neurotransmitter and stimulatory conditioning) are 
likely to be affected by "mediating conditions", namely, an "expressive communication 
handicap" an "operant susceptibility and vulnerability" (which increases the likelihood that 
individuals will be exposed to establishing operations) and "neurotransmitter disturbance". 
These mediating conditions are, in turn, the result of individual characteristics known to be 
associated with SIB, such as a greater degree of learning disability, sensory and physical 
impairments, and those with particular syndromes. Clearly, however, a weakness of this 
account is the difficulty of directly observing "operant vulnerability and susceptibility". For 
instance, how does one know that individuals with autism find demands more aversive 
than individuals with developmental disabilities?. Also given that some individuals may find 
demands more aversive than others, it does not explain why others continue to present 
demands to these individuals. 
Preliminary data to support the operant part of Oliver's (1993) model has, however, been 
collected. For instance, Hall & Oliver (1992) described the results of an observational 
study in which a 28 year old man with severe developmental disabilities, who showed 
severe SIB, was observed interacting with his care-staff. Following 33 hours of continuous 
observations, collected for between 2 to 5 hours each day over 10 days, SIB could be 
classified into either "short" bursts (i. e., occurrences of SIB that lasted 10 seconds or less) 
or "long" bursts (i. e., occurrences of SIB that lasted for longer than 10 seconds). By 
determining the relative amounts of attention the man received, prior to, during and 
following each burst of SIB (see Chapter 7), results showed that care-staff were more 
likely to present social contact during and following the occurrence of long bursts of SIB 
than they were for short bursts. Figure 5.4 below shows these data. 
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Figure 5.4. Data from the Hall & Oliver (1992) study. 
These data suggested that not only was the individual's SIB maintained by positive 
reinforcement, but that longer bursts of SIB were being differentially reinforced. As 
Skinner (195 3) has pointed out; 
"We use differential reinforcement to shape and intensify the behavior of others in what 
may be spoken of ... as 
deliberate control. The effect may also be wholly unintentional. 
The mother who complains that her three-year old child whines and cries for attention 
in an annoying way may not realise that her own reinforcing practices are responsible. If 
she is busy with other matters, she is likely not to respond to a call or request made in a 
quiet tone of voice. When the child raises his voice, she replies. This is differential 
reinforcement. The average intensity of the child's vocal behavior rises. When the 
mother has adapted to the new level, again only the louder instances are reinforced. 
Further differentiation in the direction of loud responses follows .... Differential 
reinforcement supplied by a preoccupied or negligent parent is very close to the 
procedure we should adopt if we were given the task of conditioning a child to be 
annoying. " (p. 97-98). 
An additional interpretation is that long bursts of SIB were more aversive to others than 
short bursts. Thus longer bursts were "unignorable" and were therefore reinforced. 
Interestingly, for both types of burst, low levels of social contact occurred immediately 
prior to SIB, suggesting that the influential antecedent was reinforcer deprivation (i. e. an 
establishing operation), as opposed to being a discriminative stimulus, thus supporting 
Oliver's (1993) model. 
It is clear from this analysis that both Guess & Carr's (1991) model of the emergence of 
stereotypic behaviour and SIB and Oliver's (1993) model of the maintenance and the 
development of more severe SIB can now be tested. It is proposed therefore to trace the 
early development of SIB in young children with developmental disabilities by selecting 
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particular children who have just started to show a potentially self-injurious response and 
then to follow them up over a2 year period. By observing the children interacting with 
others in their natural environment at particular points in time, it may be possible to 
determine whether or not, at this early stage, stereotypic behaviour (and later, SIB) has an 
effect on the behaviour of others and whether or not this then predicts a later exacerbation 
in SIB. The study that follows has therefore been designed to test Guess & Carr's (199 1) 







Screening of Children. 
Introduction 
To investigate the early development of SIB, one of two research designs can be adopted. 
The first strategy is to conduct a prospective study of SIB where a large number of 
children (some of whom may or may not develop SIB) could be tracked over a defed 
period of time. This would allow factors associated with the onset of SIB and its 
subsequent development to be identified (given that "cause" and "effect" would be 
observed in the correct temporal order, see Chapter 2). Although this can be considered 
the most desirable option, the resources required to track a large number of children in this 
way would be enormous given that the incidence of SIB is likely to be low (see Chapter 
2). This strategy is therefore untenable for this study. The second strategy is to identify 
children retrospectively (i. e., those children already showing a potentially self-injurious 
response) and to then to track these children at regular intervals over a period of time to 
determine whether or not SIB subsequently develops. This type of design would still 
enable factors associated with the development of SIB to be reliably identified. However, 
although less expensive in ternis of resources to conduct, any conclusions drawn about the 
factors associated with the onset of SIB would be less reliable. Still, including a carefully 
matched control group of children not showing SIB would go some way to overcome this 
problem. 
It appears therefore that this second strategy is the only tenable one for the present study. 
This type of research design will therefore be adopted. Still, by allowing those children 
whose SIB begins during the course of the study to be included, an element of the 
prospective type of design can be "built-in" to the study. 
Children were selected for inclusion in the study on the basis of two types of evidence. 
Firstly, from epidemiological studies reviewed in Chapter 2, individuals at most risk for 
developing SIB appeared to be those aged under 10 years of age, having a severe or 
profound degree of learning disability, a visual impairment and/or a diagnosis of autism. 
Thus, children aged under 10 years attending schools for children with severe learning 
disabilities and/or with autism were targeted for inclusion. [Children with an additional 
visual impairment were not specifically targeted, since it was likely that some children in 
this group would also be attending schools for children with SLD]. 
Secondly, from the studies reviewed in Chapter 3, individuals at a particularly high risk for 
developing SIB appeared to be those aged under 5 years diagnosed with Lesch-Nyhan 
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syndrome. Thus, all new (and under 3 year old) cases of children with Lesch-Nyhan 
syndrome were targeted for inclusion. [Children from other "high risk" groups, e. g. 
children with Rett syndrome, De Lange syndrome etc. (see chapter 3) were not specifically 
targeted since, again, it was likely that some children in these groups would be attending 
schools for children with SLD]. 
In order to confirm existing risk markers for SIB and also to perhaps identify any 
additional markers, a control group (consisting of children not showing SIB) for the 
children attending schools for children with SLD and/or autism was also targeted for 
inclusion. 
6.1 Method 
6.1.1 Children in schools for children with SLID and/or autism 
All schools listed in the Education Authorities' Year book (199 1) under the districts of 
London, Surrey and Kent and providing solely for children with severe learning disabilities 
(SLD) and/or autism were selected for screening (n = 44). Headteachers of the schools 
were sent an information booklet (see Appendix A) outlining the proposed research 
together with a covering letter, a participation form and a stamped addressed envelope at 
the beginning of the study. The covering letter (see Appendix B) described the purpose of 
the research and the need to identify children aged 10 years and under with severe learning 
disabilities and/or autism who had recently started to show self-injury. 
In order to identify children who had recently begun to self-injure, a postal method was 
initially considered. This would have involved sending out a screening form to each 
headteacher who agreed to participate in the study. Teachers within each school would 
then have been required to indicate whether and when any children in the school had 
started to show particular topographies of SIB (which would be listed on the screening 
form). Once completed, the forms could then be returned to the research office and if any 
children in the school had met the study criteria (see below), the school would then be 
visited to establish "caseness" of the children. 
In fact, it was decided to alter this procedure slightly and upon receipt of the participation 
form, headteachers were telephoned and asked whether the school could be visited in the 
first instance in order to interview each teacher about the children in their class. This 
screening method was preferred for two reasons. Firstly, given that previous postal 
methods appeared to have low reliability (see Rojahn, 1984), by carefully interviewing 
teachers about the children in their class, false positive and negative cases would be kept to 
a minimum. Secondly, the interview method, although more time consuming than the 
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postal method, would allow children to be identified over a period of time. Thus visits to 
schools would not all be made at the same time. Schools were screened and children were 
rolled onto the project until an adequate number of cases had been identified (approx. 20). 
6.1.1.1 Cases 
Only those teachers in each school who had children aged 10 years and under in their class 
were interviewed. Following a brief outline of the background and the purpose of the 
research, each teacher was shown a definition of SIB (based on the definitions appearing in 
Rojahn, 1984,1986) and a list of behaviours. The list is shown below in Figure 6.1. 
The behaviours we are interested in are listed below. These may cause demonstrable 
damage to the child's own body when they occur repeatedly. Also included are those 
behaviours which, although not necessarily injurious yet, may become so in the future. 
The behaviours are: 
Hitting head on objects (this may include repetitive light tapping) 
Hitting objects to head (this includes knees, toys, etc. and may be light contact 
only) 
Hitting body/head or kicking body (this need not be forceful) 
Self-biting (this does not have to produce teethmarks) 




Inserting objects into ears, nose etc. 
Figure 6.1. List of behaviours used for the screening. 
The behaviours were chosen on the basis that previous studies had found them to be the 
most prevalent topographies of SIB' (see Chapter 2). It was emphasised in parentheses 
following each behaviour on the list that a particular behaviour did not necessarily have to 
produce tissue damage. Teachers were required to identify children who had started to 
show one of the listed behaviours within the previous 3 month perio . Children were not 
considered if they had shown SIB for longer than 3 months nor if they met this criterion 
for one behaviour on the list but had also shown another listed behaviour for longer than 3 
months. 
Some teachers, although initially identifying children as fitting the study criteria, when 
pressed further to recall the onset of the behaviour accurately, reported that the children 
had, in fact, shown the behaviour for longer than 3 months. Thus, the decision to screen 
children by an interview method, as opposed to a postal questionnaire method, appeared 
therefore to be justified. Teachers who reported that none of the children met the study 
It is acknowledged that stereotypic behaviours not involving body contact (e. g. hand-flapping) may also 
develop into SIB. However, it was thought more likely that SIB would emerge from stereotyp1c behaviours 
topographically similar to SIB (i. e., those behaviours involving body contact). 
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criteria were asked to inform the research office if any child in their class started to show 
any of the behaviours over the following 6 months. These children could then be rolled 
onto the study at this later date. The list of behaviours and a contact number was therefore 
left with those teachers. [Although it is likely that some children in these classes may have 
started to show a listed behaviour, none of the teachers, however, contacted the research 
office at a later date]. 
Because information was also provided by the teachers concerning children who had 
shown a particular behaviour for longer than 3 months, the initial screening forrn (see 
above) was adapted to enable fairly accurate documentation of the total number of 
children screened for SIB in each class and the total number of children showing a 
particular topography of SIB. Thus, a rough estimate of the prevalence of SIB (and 
particular topographies of SIB) in schools could be calculated. 
The parents of any children meeting the study criteria (i. e. SIB beginning within the 
previous 3 month period) each received a letter (see Appendix Q outlining the proposed 
research and procedures together with a consent form and stamped addressed envelope. 
The letters were passed on to the parents by the child's headteacher. It was made clear to 
both the child's parents and teachers that participation in the study would not deny the 
child access to local treatment services (if required) during the study and that feedback 
would be given at the end of the study. 
6.1.1.2 Controls 
The selection of comparison classmates proved more problematic. Although it was initially 
planned to select the controls on a random basis from those children in the same class but 
not currently showing SIB, it appeared likely that children chosen by this method would 
differ from the cases on variables already known to be associated with SIB (e. g. degree of 
developmental disability, see Chapter 2). This would be particularly likely in some of the 
classrooms which contained only small numbers of children with varying ages and abilities. 
To avoid this problem, teachers were asked to estimate which one of the children currently 
not showing SIB was most similar in terms of "ability" to the index child and that child 
then became the matched control. Additional matching variables considered were age 
and/or degree of ambulation. 
Most of the teachers however found matching difficult, with several teachers, in fact, 
suggesting children who were similar in ability to the case but also similar to the case in 
terms of observed behaviour (i. e. a child also showing SIB). On some occasions, all other 
children in the class of similar ability to the case showed SIB. On these occasions, a child 
from a similar classroom in the same school was sought. [However, these children would 
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most likely differ somewhat in age from the index child]. Letters were sent to the parents 
of any controls identified (see Appendix D) outlining the proposed research and 
procedures together with a consent form and stamped addressed envelope. Again, the 
letters were passed on to the parents by the child's headteacher. 
6.1.2 Children with Lesch-Nyhan Syndrome 
Letters were sent out (by GM) to paediatricians in London teaching hospitals asking if any 
children aged under 3 years had been either referred or diagnosed with Lesch-Nyhan 
Syndrome at the particular hospital (see Appendix E). In addition, the head of the Purine 
Laboratory at UMDS was contacted to find out whether any children under 3 years had 
screened positive for Lesch-Nyhan syndrome. The informal parents' support group was 
likewise contacted. Any positive responses were followed up (by GM) asking permission 
to contact the families concerned either directly or through the child's paediatrician. Letters 
were sent to the parents of the children concerned together with a consent form following 
any positive responses. 
6.2. Results 
6.2.1. Children in schools for children with SLD and/or autism 
Figure 6.2 below shows a diagrammatic representation of the results of the screening. Of 
the 44 schools contacted, 38 headteachers (86%) returned the participation form.. The 
remainder of the headteachers (n = 6) did not reply to the initial letter, despite a follow-up 
letter being sent out up to 6 months later. Of the 38 replies received, 26 headteachers 
(68%) agreed to participate in the study. The remainder either refused to take part in the 
study (n = 3) or stated that the pupils in the school were either aged over 10 years or did 
not have a learning disability and/or autism (n = 9). 
22 schools were visited and 78 teachers were interviewed in total concerning the behaviour 
of 614 children. There was therefore a mean number of 8 children in each class visited. Of 
the 614 children screened for SIB, 152 children had shown at least one of the listed 
topographies (see Figure 6.2). Thus, prevalence is estimated at 25% in schools for children 
under 10 years with SLD and/or autism. This figure is higher than that reported in previous 
studies on similar populations (Oliver et al., 1987; Kiernan & Kiernan, 1994, see Chapter 
2). However, the defimition of SIB adopted in this study did not require tissue damage to 
have occurred, a factor most likely to inflate the prevalence figure. 
162 
Screening 
Schools in London, Surrey and Kent for children under 
10 years with SLD and/or autism (n = 44) 
No reply (n = 
Participation form returned (n = 38) 
Refused to 
participate (n = 3) 
Children aged over 
10 years (n = 9) 
Not showing SIB 
(n = 462) 
Onset greater than I 
months (n = 11313) 
71 




Children screened (n = 614) 
Figure 6.2. Diagram showing number of schools visited, numbers screened and cases identified. 
Of the 152 children showing SIB, 133 children had shown SIB for longer than 3 months 
(see Figure 6.2 above). The information, collected at screening on those individuals 
showing SIB (whether meeting the study criteria or not), was analysed in order to provide 
further evidence concerning the prevalence of particular topographies and combinations of 
topographies of SIB. (These data should be interpreted with extreme caution, however, 
given the method of screening and absence of reliability data. ) 
The prevalence of particular topographies of SIB calculated from the screening data is 
shown in Table 6.1 below. 
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Table 6.1. Prevalence of topographies of SIB calculated from the screening data. 
Topogrýphy of SIB Prevalence (%) 
self-biting 9.3 
head hitting 6.5 
head banging 4.7 
scratching 2.3 
eye poking 2.1 
body hitting 2.0 
hair pulling 1.5 
picking 1.3 
objects to head 1.3 
inserting objects 0.8 
pinching 0.7 
kicking body 0.7 
It can be seen from Table 6.1. that self-biting and head hitting (i. e. hitting head with hand) 
were found to be the most prevalent topographies of SIB followed by head banging (i. e. 
banging head on objects), scratching and eye poking. These results compare favourably to 
those found in previous studies (see Chapter 2). 
The prevalence of the number of topographies of SIB shown by individuals, calculated 
from the screening data, is shown below in Table 6.2. 
Table 6.2. Prevalence of the number of topographies of SIB calculated from the screening data. 
no. of topographies Prevalence (%) 
1 16.6 
2 5.9 
3 or more 2.3 
Table 6.2 shows that the prevalence of those showing only one topography of SIB was 
higher than those showing more than one topography. Although this result differs from 
both studies by Rojahn (1984,1986) where a similar definition of SIB was employed (see 
Chapter 2), it compares favourably to that found in other previous studies. 
In order to determine whether particular topographies of SIB were more likely to occur 
together than others (see Chapter 2), correlations between topographies for those 
individuals showing more than one topography of SIB (n = 50) were computed. A cluster 
analysis was then perfon-ned on the matrix of correlations using a single linkage method 
(SPSS, 1987, c. f. Rojahn, 1986) in order to detennine whether particular topographies of 
SIB were likely to fonn sub-groups of SIB (see Chapter 2). Table 6.3 below shows the 
matrix of correlation coefficients obtained and the clusters identified from the cluster 
analysis on the screening data. 
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Table 6.3. Matrix of ý (phi) coefficients calculated as a measure of association between two 
topographies of SIB, showing clusters of SIB obtained from the screening data. 
Topography 1 
1 
2 3 4 5 
SIB Clusters 
11 
67 8 9 
111 
10 11 12 
1- body-obj ect 1.00 
2. object-head 0.05 1.00 
I head-object 0.20 0.34* 1.00 
4. pinch -. 12 -. 19 0.01 1.00 
5. hair-pull -. 12 -. 04 0.01 0.34* 1.00 
6. insert object 0.12 01 -. 07 -. 15 0.03 1.00 
7. eye-poke 0.12 -. 17 -. 07 -. 15 0.21 0.24 1.00 
8. scratch -. 17 -. 14 -. 29 0.18 -. 09 -. 06 -. 21 1.00 
9. hand-head -. 10 -. 08 -. 07 -. 11 -. 23 -. 19 -. 19 0.19 1.00 
10. hand-body -. 09 -. 14 -. 25 0.09 -. 12 0.12 -. 11 0.18 -. 25 1.00 
11. kick-body -. 09 -. 14 -. 25 0.09 -. 12 _. II _. 11 -. 17 -. 10 0.19 1.00 
12. bite -. 22 -. 03 -. 22 0.06 0.06 -. 15 -. 15 -. 03 -. 22 -. 22 0.24 1.00 
* =p<0.01 
The matrix shows two significant relationships between topographies. Firstly, that head- 
object hitting and object-head hitting were significantly correlated and secondly that hair 
pulling and pinching were related. The sub-groups formed by the cluster analysis 
correspond closely to the sub-groups found in previous studies (see Chapter 2). Clusters 
tended to fonn between prevalent topographies of SIB (Clusters I and 3) as opposed to 
less prevalent topographies (Cluster 2). 
6.2.1.1 Cases 
19 children met the study criteria, having started to show SIB within the previous 3 
months (see Figure 6.2 above). Figure 6.3 below shows the cumulative number of schools 
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Twenty-two schools were visited over a period of 18 months. [4 schools were not visited 
because the number of cases identified over the screening period was considered adequate 
as a study sample]. Since 22 schools were screened, it can therefore be estimated that 
nearly one child per school had recently started to show SIB. This figure compares 
favourably to that of 0.8 children per school starting to show SIB (estimated by CO) ftom 
a re-analysis of the prevalence by age data in the Oliver et al. (1987) study. The prevalence 
of recent onset SIB could be estimated at 3% (i. e. 19 new cases in the 614 screened). 
[This figure could also be considered to be an estimate of the incidence of SIB in schools 
for children with SLD and/or autism, see Chapter 2]. All but two of the parents (90%) of 
the 19 children identified from the screening procedure provided informed consent for 
their child to participate in the study. Thus, 17 cases were included in the study. Table 6.4 
below shows the topography of SIB shown by each case at screening. 
Table 6.4 Topography of SIB shown by each case at screening. 
Case Topography of SIB at screening 
I. Head banging, head hitting 
2. Eye-poking, hair-pulling 
3. Hand biting, hair-pulling 
4. Scratching 
5. Body hitting 
6. Head banging 
7. Hand biting 
8. Hand biting 
9. Body hitting 
10. Head hitting 
11. Head hitting 
12. Hand biting 
13. Head hitting 
14. Head hitting 
15. Head banging 
16. Hand biting 
17. Hand biting 
6 of the cases showed hand-biting with 5 of the cases showing hand to head hittMg and 3 
showing head banging. The topographies shown by the cases corresponds to that found in 
previous studies (see Chapter 2). The majority of the cases (n =14) showed only one 
topography of SIB. This trend also corresponds to that found in previous studies (see 
Chapter 2). 
6.2.1.2. Controls 
Fourteen suitable comparison children were identified from the matching procedure with 
teachers unable to suggest a match for three of the cases, despite children from other 
classrooms in the same school being sought (i. e. there were no other children under 10 of 
similar ability in the school who did not show SIB). Out of the 14 parents contacted, 
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thirteen replies were received, with ten parents agreeing to participate (77%) and three 
preferring not to take part. Thus, 10 controls were included in the study. 
6.2.3 Children with Lesch-Nyhan Syndrome 
Although 6 paediatricians in London teaching hospitals were contacted, positive responses 
were not forthcoming, although some were in contact with older boys with Lesch-Nyhan 
syndrome. The head of the Purine Research Laboratory at UMDS suggested one case with 
another two cases suggested by a paediatrician at Chailey Heritage Hospital. 3 children 
under 3 years of age with Lesch-Nyhan Syndrome were therefore identified. Given that the 
incidence of the syndrome is relatively rare (estimated to be I in 38 000 live births, Letts & 
Hobson, 1975) the low number of cases identified was not unexpected. All parents of the 
children agreed to participate in the study. 
6.3. Summary 
The interview method of screening employed in schools for children with SLD and/or 
autism appeared to be the most efficient way of identifying those children just starting to 
show SIB. 17 cases were identified over a period of 18 months (an estimated incidence of 
3%). Analysis of the screening data revealed the prevalence of SIB in schools to be 25%, 
higher than previous reports. This may be due to the fact that a broad definition of SIB 
was adopted in this study. However, it is possible that the intensive screening method 
employed also accounted for the figure obtained. Previous research in community 
populations has generally employed postal questionnaire methodology, a less reliable 
method. It should be pointed out, however, that inter-interviewer reliability for the 
screening interview was not assessed in this study. 
Analysis of the data collected from the screening interview tended to support previous 
research. Thus the children screened were most likely to show only one topography of 
SIB, particularly hand-biting. If children showed more than one topography of SIB, the 
topographies shown were likely to be similar in form and to produce clusters consistent 
with previous findings. The topographies of SIB shown by the cases appeared to be 
representative of the larger group of children showing SIB. The matched cases (n = 10) 
also appeared to be sucessfully matched to the controls on the variables employed. 
However, it should be pointed out that matching on degree of learning disability was 
achieved by teacher estimation alone, a rather unsatisfactory method. However, the 
alternative would have been to assess each of the potential controls using a standardised 
questionnaire (e. g. the Vineland Adaptive Behavior Scale, see Chapter 7). This method 
would have proved too time consuming. The adequacy of matching on degree of 
developmental disability was therefore assessed post hoc (see Chapter 7). 
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A further point concerns the rather small number of controls included in the study. This 
perhaps reflects the fact that 3 matching variables were employed, with the result that only 
small numbers of children in the same class could be considered. However, every effort 
was made to find suitable matches in other classes. It is possible that matching proved 
problematic simply because those individuals matching closely on all 3 variables were 
already showing SIB. Thus, risk markers established in previous research (see Chapter 2) 





The 17 index children selected following screening, the 10 matched controls and the 3 
children with Lesch-Nyhan syndrome were enrolled onto the main study. This chapter 
describes the measures employed and the method of data analysis adopted for the study. 
7.1. Measures 
7.1.1. Vineland Adaptive Behavior Scales 
The developmental level of each child was assessed using the Vineland Adaptive 
Behaviour Scales- Survey Form (VABS-SF), (Sparrow, Balla & Chiccetti, 1984). This 
instrument is designed to be administered by semi-structured interview to the parents or 
teachers of children and adolescents with or without developmental disabilities. The 
Survey Form consists of 261 items scored on a 3-point scale from 0 ("no, never") to 2 
("yes, usually"), with scores of "N" ("no opportunity") and "DK" ("don't know") also 
possible. Items are grouped into 4 domains; 1. communication skills (67 items); 11. daily 
living skills (92 items); 111. socialization skills (66 items) and motor skills (36 items). Since 
items within a domain cover a wide developmental range, only a subset of items 
appropriate to the target individual are scored by the use of "starting points" and basal and 
ceiling rules. Items below basal levels are then assigned a score of 2 and those above 
ceiling assigned a score of 0. Scores for each domain are totalled and interpreted by 
reference to norm tables. An Adaptive Behaviour Composite score can be computed by 
taking the mean of the domain "standard scores" or the mean of the domain "age 
equivalents". Table 7.1 below shows the reliability data for the VABS-SF domains. 
Table 7.1. Reliability data for the Vineland Adaptive Behavior Scales-Survey Form domains. 
Reliability data for the Adaptive Behavior Composite is given in parentheses. 
Study internal inter-rater test-retest 
consistency reliability reliability 
Sparrow et al. (1984) . 83 to . 90 (. 94) . 62 to . 78 (. 74) . 81 to . 86 (. 
88) 
Validity of the instrument has been assessed in 3 ways. Firstly, mean scores were shown to 
increase with age, thus demonstrating its construct validity. Secondly, factorial validity 
was established by factor analysis. Finally, and as expected, correlations between the 
Vineland scores and scores on intelligence tests were found to be low, thus demonstrating 
criterion-related validity. High correlations between the Adaptive Behaviour Scales-School 
Edition and scores on the Vineland has since suggested that the Vineland also has good 
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concurrent validity (Perry & Factor, 1989). Vineland scores have also been shown to 
discriminate between "autistic" and "nonautistic, developmentally disabled" individuals 
(Volkmar, Sparrow, Goudreau et al., 1987). A recent study by Raggio & Massingdale 
(1993) demonstrated that the "age equivalent" score may be a more reliable index than the 
if standard score", particularly for assessing children with developmental disabilities. Age 
equivalents will therefore be reported in this study. 
7.1.2. Childhood Autism Rating Scale 
The degree of autism shown by each child was assessed using The Childhood Autism 
Rating Scale (CARS), (Schopler, Reichler, DeVellis & Daly, 1980) (see Appendix F). The 
CARS is a 15-item rating scale designed to be completed by professionals from the direct 
observations of children (aged predominantly under 6 years of age) with mild to profound 
developmental disabilities. Items are scored on a 7-point scale from I ("within normal 
limits for that age") to 4 ("severely abnormal for that age") with 3 mid-point ratings 
possible (i. e. 1.5,2.5 and 3.5). Raters are encouraged to consider the "peculiarity", 
"frequency", "intensity" and "duration" of the child's behaviour when completing the scale. 
A total score is obtained by summing the 15 individual items. A total score in the range of 
15 to 29.5 indicates that the child is "nonautistic", 30 to 36.5 indicates "mild to moderate 
autism" and 37 to 60 indicates "severe autism". Table 7.2 below shows the reliability data 
for the original study (M bold) and 4 further studies. 
Table 7.2. Reliability data for the Childhood Autism Rating Scale. 
Study internal inter-rater test-retest 
consistency reliability reliability 
Schopler et al., (1980,1986) . 94 . 71 . 88 Garfin et al., (1988) . 79 . 80 - Kurita et al., (1989) . 87 . 62 Stunney et al. (1992) . 85 - DiLalla & Rogers (1984) . 73 to . 93a . 94 
aRange for 3 sub-scales 
Concurrent validity of the CARS was established by correlating the "judgements of clinical 
experts" with scores on the CARS. Discriminant validity was not reported in the original 
study. Instead, Schopler, Reichler & Renner (1986) argued that "the total score and the 
pattern of impairments will distinguish an autistic child from other developmentally 
disordered children" (p. 25). In a subsequent study, Garfin, McCallon & Cox (1988) found 
the CARS to adequately discriminate between groups of "autistic" and "nonautistic" 
adolescents matched on IQ, age and gender. A recent factor analysis of the CARS by 
DiLalla & Rogers (1994) has shown the CARS to consist of 3 sub-scales: 1. Social 
impairment (10 items); 11. Negative emotionality (3 items); 111. Distorted sensory response 
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(3 items). (I item loaded significantly on 2 factors). DiLalla & Rogers (1994) reported that 
the social impairment factor alone appeared to best discriminate "autistic" children from 
"nonautistic" children. 
7.1.3. Aberrant Behaviour Checklist 
The degree to which challenging behaviours shown by each child were considered a 
problem was assessed using the Aberrant Behaviour Checklist (ABC) (Aman, Singh, 
Stewart & Field, 1985a) (see Appendix G). The ABC is a 58-item rating scale designed to 
be completed by the care staff of institutionalised individuals with moderate to profound 
developmental disabilities. Made up of 5 empirically derived sub-scales, raters are required 
to score each item on a 4-point "problem-based" scale (i. e. from 0, not at all a problem" 
to 3, "the problem is severe"). The sub-scales are: 1. Irritability, agitation, crying (15 
items); 11. Lethargy, social withdrawal (16 items); 111. Stereotypic behaviour (7 items); IV. 
Hyperactivity, noncompliance (16 items) and V. Excessive speech (4 items). Raters are 
asked to take into account the behaviour of the individual over the previous 4 weeks, to 
compare the frequency of each specified behaviour to that shown by other individuals in 
the same ward/classroom. ) and to 
decide whether a given behaviour could be considered to 
interfere with the "development" of the individual. Although a "total aberrant score" 
(based on the summation of the scores for all 58 items) can be calculated, mean scores for 
each of the 5 sub-scales are usually reported. Sub-scales I and IV have been found to be 
moderately correlated, and have been labelled "acting-out" sub-scales (Aman, Singh, 
Stewart & Field, 1985b). Sub-scale I includes 3 items pertaining to SIB. Aman et al. 
(1985b) point out that sub-scale V should be regarded as "experimental" (p. 501) due to 
the small number of its component items. Normative data by gender and age have been 
reported in 3 studies. Table 7.3 below shows the reliability data taken from the original 
study (in bold) and 7 further studies. 
Table 7.3. Reliability data for the Aberrant Behavior Checklist sub-scales. 
Study internal inter-rater test-retest 
consistency reliability reliability 
Aman et al. (1985b) . 86 to . 94 . 55 to . 69 . 
96 to . 99 
Aman et al. (1987a) . 52 to . 74 . 60 to . 81 
Aman et al. (1987b) . 88 to . 94 
Newton & Sturmey (1988) . 84 to . 92 
Bihm & Poindexter (1991) . 84 to . 93 
Freund & Reiss (1991) . 79 to . 94 . 18 to . 49 . 50 to . 67 
Rojahn & Helsel (1991) . 82 to . 94 . 39 to . 61 
Marshburn & Aman (1992) . 76 to . 96 
Aman et al. 0 995) . 84 to . 94 
The table shows that whilst reliability indices were high in the original study, these have 
not been reproduced in later studies, particularly for the inter-rater reliability index. 
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Whether the low interrater reliability indices found in these studies reflect possible 
differences in the way each rater interacted with the subject concerned and/or differences 
in the function of the subject's challenging behaviour is unclear. Many of the later studies 
investigated the use of the ABC in different populations. For instance Newton & Sturmey 
(198 8) and Bihm. & Poindexter (199 1) included a sizeable proportion of non-ambulant 
individuals in their studies (45% and 27%) respectively. Interestingly, when items were 
scored dichotomously in the Newton & Sturmey (1988) study (i. e. ratings greater than 0 
were recoded as a 1) or rated on a frequency basis in the Aman et al. (1987b) study (i. e. 0, 
"doesn't happen at all" to 3, "does this frequently"), internal consistency remained very 
high. In the latter study, inter-rater and test-retest reliability coefficients also improved. 
Ro ahn & Helsel (199 1) were able to replicate the original factor structure on a population j 
of "dually-diagnosed" children aged between 3-23 living in a psychiatric unit, suggesting 
that the ABC is also applicable to younger individuals. The ABC has also been shown to 
be sensitive to psychiatric diagnosis and age (Rojahn & Helsel, 1991). Concurrent validity 
of the scale was established with Part 11 of the Adaptive Behaviour Scale (Nihira, Foster, 
Shellhass & Leland, 1974) on 4 of the factors. Correlations between scores on individual 
sub-scales and 1hr direct observations of individuals were also relatively high (Aman et al., 
1985a). 
Freund & Reiss (199 1) and Marshburn & Aman (1992) modified the wording of the items 
in order to make them more appropriate for use with "community" samples. This was also 
done in the present study (e. g. Item I was changed from "Excessively active on the ward" 
to "Excessively active in the classroom"). Marshburn & Aman (1992) found the factor 
structure of the newly worded version to be sufficiently close to the original version to 
recommend the continued use of the original scoring procedure for the new version. 
Recently, Aman, Burrow & Wolford (1995) have named the newly worded version the 
Aberrant Behavior Checklist - Community (ABC-C). Using the new version, Aman et al. 
(1995) found that gender, age and level of developmental disability influenced sub-scale 
scores in a group of adults living in the community. 
7.1.4. Teacher Concern Scale 
The degree of "concern" shown by teachers of children who show SIB was assessed using 
the Teacher Concern Scale (TCS) (see Appendix H). Developed specifically for this study, 
the TCS is a 14 item rating scale for completion by the teacher. The rating scale has 2 sub- 
scales 1. SIB (I I items), and 11. Stereotypy (3 items). Items for the "SIB" subscale were 
taken from the screening interview (see Chapter 6). Items for the stereotypy subscale were 
taken from Rojahn (1986). Individual items are scored on a 5-point scale from 0 ("no 
concern") to 4 ("extreme concern") or "not shown". Total scores for each sub-scale can 
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then be obtained by summing the scores given to individual topographies within a sub- 
scale. 
7.1.5. Motivation Assessment Scale 
The possible function of SIB shown by each child was assessed using The Motivation 
Assessment Scale (MAS), (Durand & Crimmins, 1988) (see Appendix 1). The MAS is a 
16-itern questionnaire designed to be completed by classroom teachers of children and 
adolescents with moderate to severe developmental disabilities and showing "frequent" 
SIB. Made up of 4 sub-scales, items are scored on a7 point "frequency based" scale from 
0 ("never") to 6 ("always"). The mean score of the items on each sub-scale is reported. 
The four sub-scales are : 1. sensory consequences (4 items); 11. escape from demands (4 
items); 111. attention (4 items); and IV. tangible consequences (4 items). Mean sub-scale 
scores can also be ranked from highest to lowest, with ranks being tied if mean sub-scale 
scores differ by up to 0.25. The sub-scale(s) with the lowest rank (i. e. 1) indicates that this 
variable(s) (i. e. sensory, escape, attention or tangible) may be maintaining the child's SIB. 
Table 7.4 below shows the reliability data for the domains in the original study (in bold) 
and 3 further studies. 
Table 7.4. Reliability data for the Motivation Assessment Scale sub-scales 
Study internal inter-rater test-retest 
consistency reliability reliability 
Durand & Crimmins (1988) . 80 to . 95 . 92 to . 98 Zarcone et al. (199 1) -. 801 to. 99 
Newton & Sturmey (199 1) . 67 to . 91 . 25 to . 49 Bihm et al. (1991) . 69 to . 81 
As can be seen from Table 7.4, subsequent studies (i. e. Newton & Stunney, 1991; 
Zarcone, Rodgers, Iwata et al., 199 1) have questioned the inter-rater reliability of the 
MAS. Newton & Stunney (199 1) however, included institutionalised adults and 
adolescents showing a "wide range of problem behaviours". Similarly, Zarcone et al. 
(1991) studied an institutional and school sample of adolescents and adults whose 
frequency of SIB ranged from "more than once per minute" to "once a week or less" 
Singh et al. (1993) found the frequency of SIB shown by the target individual to be a 
highly significant variable, being unable to replicate the 4 factor structure when the MAS 
was administered to a school sample of individuals showing low frequency SIB (less than 
15 times an hour). It thus appears that the MAS may be highly sensitive to changes in 
population characteristics. Predictive validity of the scale was demonstrated by the high 
correlation between ranks on the MAS and ranks of frequencies of SIB in analogue 
conditions (Durand & Crimmins, 1988). 
I Negative correlation coefficient. 
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7.1.6. Parent Structured Interview 
Additional characteristics of the children (both demographic and relating specifically to 
SIB) were obtained via a semi-structured interview (see Appendix J). The interview was 
adapted from the "Individual Schedule" by Kiernan & Qureshi (1987) which was designed 
to be completed by care-staff of adults living in residential facilities who showed 
aggression, self-injury, property destruction, and other "socially unacceptable" behaviour. 
In order to provide an appropriate instrument for use with parents and with questions 
pertaining to SIB only, many of the questions in the Kiernan & Qureshi (1987) schedule 
were discarded and additional questions relevant to the present study were inserted. In a 
similar fonnat to that of Kiernan & Qureshi (1987), the interview was structured to allow 
the coding of basic demographic infon-nation and medical history (q. 's 1-8), the form of 
SIB (q. 9), the sequence of historical events (q. 10), frequency of SIB (q. 's 11- 12), broad 
setting factors (q. 's 13-15), the intensity of SIB (q. 16) and parental responses to SIB (q. 's 
17-19). Specifically, this enabled accurate documentation of the following variables: age, 
gender, residence, diagnosis, presence of seizures, presence of ear infections, hearing, 
vision, mobility, and rate, form and function of SIB. The topographies of SIB listed in q. 9 
were taken from the screening interview (see Chapter 6). The frequency categories listed 
in q. II were taken from the Oliver et al. (1987) study. Inter-rater reliability and test-retest 
reliability was not conducted. 
7.1.7. Naturalistic observations 
Naturalistic observations of each child were conducted in order to provide objective data 
concerning the form, frequency and likely maintaining variables for stereotypic behaviour 
and SIB. 
7.1.7.1. Response definitions 
Four major behaviour categories were recorded (2 child and 2 adult behaviours); self- 
injury, stereotypic behaviour, attention and demands. Response definitions for the self- 
injury and stereotypic behaviour categories were developed from those employed in the 
screening interview (see Chapter 6) and from informal observations of each child prior to 
data collection. No child showed "hitting objects to head (e. g. knees, toys)", "inserting 
objects into ears, nose", or "kicking body". Response definitions for the attention and 
demands were adapted from Skinner (1957). Tables 7.5,7.6,7.7 and 7.8 below contain 
listings of the specific topographies for each of the categories of responses observed, 
together with operational definitions used in collecting the data2. 
2Responses within a category may not necessarily subserve the same function. 
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Table 7.5. Observer definitions of the stereotypic behaviour category. 
Response Definition 
Object tapping Repetitive contact of the palm of the hand with a stationary 
environmental object. 
Foot tapping Repetitive contact of the feet with a stationary environmental object. 
Hand clapping Repetitive contact between the palms of the hands. 
Arm shaking Repetitive movement of the arms. 
Head rolling/nodding Repetitive movement of the head from front to back or side to side 
which makes no contact with a stationary environmental object. 
Hand over ears/regard Placing the hands over the ears (usually in response to noise) or looking 
at the palm of one hand. 
Body rocking Repetitive movement of the body from front to back or side to side 
which makes no contact with a stationary environmental object. 
Table 7.6. Observer definitions of the self-injury category. 
Response Definition 
Body banging Light or forceful contact of any part of the body with a stationary 
environmental object. 
Head banging Light or forceful contact of any part of the head with a stationary 
environmental object. 
Body hitting Light or forceful contact of an open or closed hand with any part of the 
body, excluding the head. 
Head hitting Light or forceful contact of an open or closed hand with any part of the 
head. 
Eye poking/ pressing Contact between the back of the hand or finger and any part of the 
eyelid or socket. 
Hand mouthing/ biting Contact of the tongue with any part of the hand or closure of the upper 
and lower teeth on the flesh anywhere on the hand. 
Scratching/rubbing Scraping of the fingernails against the skin 
Hair pulling Closure of the hand around the hair together with movement of the 
hand away from the head. 
Table 7.7. Observer definitions of the attention category. 
Response Definition 
Touch Any holding, cuddling, kissing, stroking or other care-giving action to 
the child, involving physical contact from the adult. 
Block Any physical contact initiated by the adult contingent on a child's self- 
injurious response which would prevent further responding. 
Offer Any verbal response to the child presenting food, drink or a toy. 
Command Any verbal direction to the child to stop an action. 
Comment Any verbal statement about an object or event. 
Table 7.8. Observer definitions of the demands category. 
Response Definition 
Prompt/redirect Movement of the child's arms or body by the adult In order to complete 
an action or task. 
Request Any verbal direction to the child to complete an action or task. 
Other categories routinely recorded, but not subjected to reliability assessments and 
therefore not reported here, included chi adaptive" behaviours (i. e. vocalisations, 
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engagement with objects, interaction with peers etc. ), adult "proximity" to the child (i. e. 
teacher or parent nearby) and "setting events" (i. e. whether "in class", "outside", 
"lunchtime" etc. ). 
7.1.7.2. Recording 
All responses were recorded on a laptop computer (Olivetti Quaderno, Model PT-XT-20) 
using software that allowed continuous documentation of the frequency and/or duration of 
each behaviour and their interrelations in I -s intervals (see Repp Harman, Felce et al., 
1989 and also Chapter 4). All responses in the attention and demands categories were 
defmed for "duration" recording (i. e. the onset interval and offset interval of each response 
was recorded). Responses in the self-injury and stereotypic behaviour categories were 
defmed for both "event" recording (i. e. only the onset interval of the response was 
recorded) and "duration" recording. Categories of responses or responses within a 
category were not mutually exclusive and exhaustive. Thus any response within a category 
or category of responses could co-occur with any other response within a category or 
category of responses. The resulting data format, called "time-frame" data (see Chapter 4) 
is considered the most flexible and useful format for conducting subsequent analyses 
(Bakeman and Gottman, 1986, p. 113). 
7.1.7.3. Interobserver agreement 
A second observer (RKD) independently scored responses during 52 of the 377 hours of 
observations conducted by the primary observer (SH). Of the 304 hours of observations 
conducted by the primary observer on the cases, 30 hours (i. e., 10%) were subjected to 
agreement checks and of the 73 hours of observations conducted on the controls, 22 hours 
(i. e. 30%) were subjected to agreement checks. Inter-observer agreement for each of the 
child response categories (i. e. self-injury, stereotypic behaviour) and for the envirom-nental 
event categories (i. e. attention and demands) were calculated. Observer records were 
compared on aI -s interval-by-interval basis (i. e. the unit of analysis). 
For each I -s interval of the primary observer's data and for each behaviour category, an 
agreement on the occurrence of a category was scored if the primary observer had scored 
an occurrence of a particular behaviour category and the second observer had also scored 
an occurrence of the same behaviour category. Similarly, an agreement on the non- 
occurrence of a category was scored if the primary observer had scored a non-occurrence 
of a particular behaviour category and the second observer had also scored a non- 
occurrence of the same behaviour category. A disagreement on the occurrence of a 
category was scored if the primary observer had scored an occurrence of a particular 
behaviour category and the second observer had scored a non-occurrence of the same 
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behaviour category. Finally, a disagreement on the non-occurrence of a behaviour category 
was scored if the primary observer had scored a non-occurrence of a particular behaviour 
category and the second observer had scored an occurrence of the same behaviour 
category. Four indices of agreement were computed. 
Overall percentage agreement (i. e., Rtot) for each of the 4 behaviour categories was 
calculated according to the following formula: 
Rtot = 
B+C 
x 100% (7.1) A+B+C+D 
where, A disagreements on non-occurrence 
B agreements on occurrence 
C agreements on non-occurrence 
and D disagreements on occurrence 
Similarly, occurrence percentage agreement (i. e., Rocc) was calculated according to the 
following formula: 
Rocc =Bx 100% A+B+D 
(7.2) 
Non-occurrence percentage agreement (i. e., Rnonocc) was calculated according to the 
following formula: 
Rnonocc =-Cx 100% A+C+D 
(7.3) 
Finally, because some of the observation periods included varying base rates of responses, 
where the rate of responding was high, it was likely that observers would agree on their 
occurrence simply "by chance" (see Hartman, 1977) and this would thus inflate the 
agreement figure. Similarly, where the rate of responding was low, it was likely that 
observers would agree on their non-occurrence and this would again inflate the agreement 
figure. To correct this problem, by removing chance agreement Cohen's kappa (Cohen, 
1960) (i. e., K) was also calculated according to the following formula (from Murphy, 
1987): 
PO - PC 
1-Pc 
B+C 
where the observed probab fl itY, PO =N 
and the chance probability, Pc= 
(A + B)(B + D) 
+ 
(A + C)(C + D) 
N2N2 




Fleiss (1981) has characterised kappa values of 0.4 to 0.6 as "fair", 0.60 to 0.75 as "good" 
and over 0.75 as "excellent". However, kappa is not entirely free of distributional problems 
(Fleiss, Cohen & Everitt, 1969). For instance low kappa values result when one or more of 
the observed "marginals" (i. e., A+B, B+D, A+C and C+D) is small. Here, kappa is 
computed from a skewed distribution and observers may therefore receive no "credit" for 
knowing that a category either did not occur or occurred extremely infrequently. In the 
present study, for example, low marginals may have occurred for the self-injury category 
during agreement checks made on the control children, those made on the cases at the 
beginning of the study and during checks made on those children whose self-injury did not 
increase. In order to establish "realistic" marginals, Bakernan and Gottman (1986) 
recommend pooling tallies from all subjects into one "large kappa table" and computing a 
single kappa value for each category. A "pooled across subjects kappa" was therefore also 
computed. 
Although the above measures provide some indication of "point-by-point" agreement for 
each category, none are entirely satisfactory to establish reliability (see Hollenbeck, 1978). 
Cronbach's alpha (Cronbach, Gleser, Nanda & Rajaratnam, 1972) for each category was 
therefore also calculated in order to measure the extent of generalizability across 
observers. For each behaviour category, data from each observer are tabulated in the 
following manner; 
Sub*ect Observerl Observer2 Sub*ect averaQe 
1 Xi 1 X, 9 P, =(X +Xlg)/2 
2 x91 x99 Pq = (Xgl + X. >. » /2 
3 X,; i x19 Pl = (XýII + Xýl. » /2 
N 9 Pi = (Xil + Xig) /2 
01 =EX»/N 09 = LY, /N M=Y. Pe /N 
where xi, is the number of intervals during which a particular category was observed by 
observer I for the ith case, X, 2is the number of intervals during which a particular category 
was observed by observer 2 for the ith case, pi is the mean number of intervals during 
which a particular category was observed by observer I and 2 for the ith case, 01 is the 
mean number of intervals during which a category was observed by observer I across 
cases, 0, is the mean number of mtervals during which a category was observed by 
observer 2 across cases, and M is the mean of the pi's. 
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Cronbach's alpha is an intraclass correlation coefficient given by the formula (from 
Bakeman and Gottman, 1986, p. 94): 
(X = 
MSP - msr (7.5) MSp + MSr 




+M -0 and MSr -- 
1 1] - pi (N-1) 7)2 
Given that there are no satisfactory methods available for calculating interobserver 
agreement on the sequence of recorded behaviours (necessary when conducting sequential 
analysis, see below) (Wampold, 1986), to circumvent the problem, Bakeman and Gottman 
(1986) argue: 
"... if point-by-point agreement is established, it can generally be assumed that scores 
denved from the raw sequential data (like conditional probabilities) will also agree. If 
agreement at a lower level is demonstrated, agreement at a higher level can be 
assumed" (p. 99). 
For the present study therefore, reliability on sequences of responses and events will be 
assumed if "point-by-point" agreement is established. 
7.1.7.3.1 Agreement Statistics - Cases 
Interobserver agreement was conducted for 30 of the 304 hours (i. e., 10%) of 
observational data collected on the cases. Table 7.9 below shows the overall (Rtot), 
occurrence (Rocc), and non-occurrence (Rnonocc) percentage agreement together with 
Cohen's kappa agreement for the stereotypic behaviour category. 
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Table 7-9. Interobserver agreement data for the stereotypic behaviour category - cases. 
% of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc: Rnonocc kappa 
Case observers (observer 1) (observer 2) % % % K 
1 21.5 9.62 11.02 92.71 47.74 92.18 0.61 
2 19.7 9.42 11.00 93.45 51.41 92.96 0.64 
3 5.6 4.46 4.40 96.91 48.26 96.82 0.63 
4 10.0 12.80 11.58 91.57 48.63 90.84 0.61 
5 9.9 1.40 1.59 98.90 46.20 98.89 0.63 
8 6.8 0.00 0.10 - - - - 
9 8.7 2.84 3.27 96.55 27.91 96.51 0.42 
10 16.9 1.50 0.91 98.69 29.49 98.68 0.45 
11 4.0 1.31 1.75 98.89 46.67 98.88 0.63 
15 9.6 1.69 1.23 98.39 28.80 98.37 0.44 
17 8.0 5.21 6.09 95.30 41.29 95.14 0.56 
The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 96.14% (range, 91.57% to 98.90%), 41.64% (range, 
27.91% to 51.41%) and 95.93% (range, 90.84% to 98.89%) respectively. The mean 
Cohen's kappa agreement across children was 0.56 (range, 0.42 to 0.64). All Kappa 
indices were above 0.4. The "pooled across subjects" kappa was 0.61, indicating that when 
Kappa was calculated using "realistic" marginals, agreement was good. Cronbach's alpha 
was 0.96, indicating excellent generalizability. Table 7.10 below shows the overall (Rtot), 
occurrence (Rocc), and non-occurrence (Rnonocc) percentage agreement together with 
Cohen's kappa agreement for the self-injury category for each case. 
Table 7.10. Interobserver agreement data for the self-injury category - cases. 
% of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc Rnonocc kappa 
Case observers (observer 1) (observer 2) % % % K 
1 21.5 10.69 12.62 90.40 41.69 89.70 0.53 
2 19.7 27.52 26.39 93.58 78.73 91.58 0.84 
3 5.6 10.93 11.51 96.76 74.80 96.42 0.84 
4 10.0 3.90 2.11 96.63 28.19 96.59 0.42 
5 9.9 11.08 8.82 93.69 51.88 93.23 0.65 
8 6.8 15.17 14.35 95.23 72.16 94.55 0.81 
9 8.7 5.03 7.29 94.57 38.74 94.38 0.53 
10 16.9 1.88 2.07 97.66 25.57 97.64 0.40 
11 4.0 0.56 1.67 98.28 12.68 98.27 0.22 
15 9.6 0.38 0.42 99.49 22.22 99.49 0.36 
17 8.0 21.50 18.53 92.14 67.17 90.63 0.75 
The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 95.32% (range, 90.40% to 99.49%), 46.72% (range, 
12.68% to 78-73%) and 94.77% (range, 89.70% to 99.49%) respectively. The mean 
Cohen's kappa agreement across children was 0.58 (range, 0.22 to 0.84). Kappa indices 
were poor (i. e., below 0.4) for 2 of the children (i. e., case II and 15) where responding 
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occurred at low levels (i. e., less than 1% of the time). The "pooled across subjects" kappa 
was 0.72 again suggesting that, when kappa was calculated using "realistic" marginals, 
agreement between observers was good. Cronbach's alpha was 0.96, again indicating 
excellent generalizability across observers. Table 7.11 below shows the overall (Rtot), 
occurrence (Rnonocc), and non-occurrence (Rnonocc) percentage agreement together 
with Cohen's kappa agreement for the attention category. 
Table 7.11. Interobserver agreement data for the attention category - cases. 
% of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc Rnonocc kappa 
Case observers (observer 1) (observer 2) % % % K 
1 21.5 14.12 11.46 90.75 46.90 89.93 0.59 
2 19.7 17.69 17.15 89.78 54.64 88.34 0.64 
3 5.6 7.74 10.91 92.10 40.47 91.65 0.53 
4 10.0 10.99 10.91 88.12 29.67 87.49 0.39 
5 9.9 9.51 9.35 96.18 66.28 95.86 0.78 
8 6.8 16.10 6.30 83.22 14.30 82.73 0.18 
9 8.7 19.01 17.76 90.39 58.54 88.88 0.68 
10 16.9 4.18 4.99 94.18 22.38 94.08 0.34 
11 4.0 10.39 10.09 93.80 53.54 93.33 0.66 
15 9.6 11.10 8.98 86.30 18.90 85.85 0.24 
17 8.0 28.24 20.49 84.33 51.34 81.22 0.58 
The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 89.93% (range, 83.22% to 96.18%), 41.54% (range, 
14.30% to 66.28%) and 89.03% (range, 81.22% to 95.86%) respectively. The mean 
Cohen's kappa agreement across children was 0.51 (range, 0.18 to 0.78). Kappa indices 
were poor for 4 of the cases (i. e., cases 4,8,10, and 15). The "pooled across subjects" 
kappa was 0.67. Cronbach's alpha was 0.62. Table 7.12 below shows the overall (Rtot), 
occurrence (Rnonocc), and non-occurrence (Rnonocc) percentage agreement together 
with Cohen's kappa agreement for the demands category. 
Table 7.12. Interobserver agreement data for the demands category - cases. 
% of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc: Rnonocc kappa 
Case observers (observer 1) (observer 2) % % % K 
1 21.5 13.32 17.70 90.25 52.18 89.10 0.63 
2 19.7 17.91 19.41 93.02 68.50 91.78 0.77 
3 5.6 12.96 12.53 95.71 71.17 95.20 0.91 
4 10.0 9.06 7.97 91.28 32.27 90.91 0.44 
5 9.9 2.28 0.85 97.85 18.64 97.84 0.31 
8 6.8 27.00 38.52 85.47 63.71 80.50 0.68 
9 8.7 6.41 6.94 94.92 44.90 94.70 0.59 
10 16.9 6.63 6.21 95.01 44.07 94.81 0.59 
11 4.0 4.61 8.34 93.00 29.81 92.78 0.43 
15 9.6 13.86 10.51 90.82 45.24 90.06 0.57 
17 8.0 19.42 33.22 78.97 42.92 75.03 0.47 
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The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 91-48% (range, 78.97% to 97.85%), 46.67% (range, 
18.64% to 71.17%) and 90.25% (range, 75.03% to 97.84%) respectively. The mean 
Cohen's kappa agreement across children was 0.57 (range, 0.31 to 0.8 1). Kappa was poor 
for one case (i. e., case 5) where responding occurred at low levels (i. e., less than 3% of 
the time). The "pooled across subjects" kappa was 0.65. Cronbach's alpha was 0.71. 
7.1.7.3.2 Agreement Statistics - Controls 
Interobserver agreement was conducted for 22 of the 73 hours (i. e., 30%) of observational 
data collected on the controls. Table 7.13 below shows the overall (Rtot), occurrence 
(Rocc), and non-occurrence (Rnonocc) percentage agreement together with Cohen's 
kappa agreement for the stereotypic behaviour category. 
Table 7.13. Interobserver agreement data for the stereotypic behaviour category - controls. 
of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc Rnonocc kappa 
Control observers (observer 1) (observer 2) % % % 
1 23.6 0.00 0.00 
2 26.1 0.00 0.01 - - - - 
3 100 5.16 7.10 94.20 35.87 94.00 0.50 
4 24.9 3.62 2.68 97.50 43.22 97.45 0.59 
5 27.6 23.71 24.53 90.80 67.99 88.57 0.75 
6 27.7 2.34 1.91 98.60 50.45 98.58 0.66 
7 10.9 0.00 0.03 - - - - 
8 24.0 0.00 0.15 - - - - 
9 25.8 4.99 4.33 97.10 52.50 97.00 0.67 
10 12.0 1.34 1.65 98.94 47.92 98.93 0.64 
The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 96.19% (range, 90.80% to 98.94%), 49.66% (range, 
35.87% to 67.99%) and 95.76% (range, 88.57% to 98.93%) respectively. The mean 
Cohen's kappa agreement across children was 0.64 (range, 0.50 to 0.75). All Kappa 
indices were above 0.4. The "pooled across subjects" kappa was 0.66. Cronbach's alpha 
was 0.99. Table 7.14 below shows the overall (Rtot), occurrence (Rocc), and non- 
occurrence (Rnonocc) percentage agreement together with Cohen's kappa agreement for 
the self-injury category. 
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Table 7.14. Interobserver agreement data for the self-injury category - controls. 
% of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc: Rnonocc kappa 
Control observers (observer 1) (observer 2) % % % K 
1 23.6 0.00 0.00 - - - - 
2 26.1 2.48 2.61 98.80 61.86 98.78 0.76 
3 100 1.90 1.71 98.43 39.38 98.41 0.56 
4 24.9 2.26 2.14 98.07 39.04 98.05 0.55 
5 27.6 2.13 0.84 98.32 27.81 98.31 0.43 
6 27.7 2.64 2.39 98.42 52.31 98.40 0.68 
7 10.9 0.14 0.21 99.84 38.89 99.84 0.56 
8 24.0 0.75 0.57 98.68 0.00 98.68 -0.01 
9 25.8 5.78 5.76 98.54 77.56 98.46 0.87 
10 12.0 2.59 3.67 95.91 21.14 95.86 0.33 
The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 98.33% (range, 95.9 1% to 98.80%), 39.78% (range, 
0.00% to 77.56%) and 98.3 1% (range, 95.86% to 99.84%) respectively. The mean 
Cohen's kappa agreement across children was 0.53 (range, -0.01 to 0.87). Kappa indices 
were poor (i. e., below 0.4) for 2 of the children (i. e., control 8 and 10) where responding 
occurred at low levels (i. e., less than 4% of the time). The "pooled across subjects" kappa 
was 0.86. Cronbach's alpha was 0.89. Table 7.15 below shows the overall (Rtot), 
occurrence (Rocc), and non-occurrence (Rnonocc) percentage agreement together with 
Cohen's kappa agreement for the attention category. 
Table 7.15. Interobserver agreement data for the attention category - controls. 
% of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc Rnonocc kappa 
Case observers (observer 1) (observer 2) % % % K 
1 23.6 43.06 42.13 88.00 75.30 81.08 0.75 
2 26.1 15.76 9.12 88.83 38.04 88.01 0.49 
3 100 13.13 18.37 85.77 37.78 84.42 0.47 
4 24.9 9.52 6.79 91.35 30.70 91.01 0.42 
5 27.6 14.04 10.42 88.87 37.45 88.07 0.48 
6 27.7 7.41 5.29 94.00 35.87 93.79 0.50 
7 10.9 22.99 16.29 80.13 32.82 77.99 0.37 
8 24.0 4.49 3.46 93.92 13.30 93.86 0.20 
9 25.8 5.97 4.37 92.85 18.25 92.73 0.27 
10 12.0 3.50 2.53 96.07 21.19 96.03 0.33 
The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 89-98% (range, 80.13% to 96.07%), 34.07% (range, 
13.30% to 75.30%) and 88.70% (range, 77.99% to 96.03%) respectively. The mean 
Cohen's kappa agreement across children was 0.43 (range, 0.20 to 0.75). Kappa indices 
were poor (i. e., below 0.4) for 4 of the children (i. e., control 7,8 9 and 10) where, for 3 of 
the subjects, responding occurred at low levels (i. e., less than 6% of the time). The 
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"pooled across subjects" kappa was 0.73. Cronbach's alpha was 0.92. Table 7.16 below 
shows the overall (Rtot), occurrence (Rocc), and non-occurrence (Rnonocc) percentage 
agreement together with Cohen's kappa agreement for the demands category. 
Table 7.16. Interobserver agreement data for the demands category - controls. 
of % intervals % intervals 
total time category category 
with 2 occurred occurred Rtot Rocc Rnonocc kappa 
Case observers (observer 1) (observer 2) % % % K 
1 23.6 25.18 39.63 80.15 53.10 74.40 0.56 
2 26.1 26.72 27.35 93.73 79.22 91.76 0.84 
3 100 5.19 3.99 95.59 35.13 95.48 0.50 
4 24.9 5.80 2.90 95.16 28.48 95.06 0.42 
5 27.6 9.09 4.36 92.81 30.36 92.58 0.43 
6 27.7 7.49 4.93 94.84 41.33 94.65 0.56 
7 10.9 36.45 32.13 76.10 48.32 69.22 0.47 
8 24.0 5.96 2.38 94.97 24.77 94.89 0.38 
9 25.8 6.25 4.01 95.24 36.60 95.10 0.51 
10 12.0 8.99 11.22 91.35 40.06 90.82 0.52 
The mean overall (Rtot), occurrence (Rocc) and non-occurrence (Rnonocc) percentage 
agreement across children was 90.99% (range, 76.10% to 95.24%), 41.74% (range, 
24.77% to 79.22%) and 89.40% (range, 69.22% to 95.48%) respectively. The mean 
Cohen's kappa agreement across children was 0.52 (range, 0.38 to 0.84). Kappa was poor 
(i. e., below 0.4) for I child (i. e., control 8) where responding occurred at low levels. The 
"pooled across subjects" kappa was 0.74. Cronbach's alpha was 0.81. 
7.2 Procedure 
Cases and controls were seen in two settings: in the child's classroom at school and in the 
child's family home. Classrooms usually contained the child's teacher, one or more teacher 
assistants and at least 4 but no more than 10 other children. Family homes usually 
contained at least one of the child's parents and sometimes contained siblings. 
7.2.1 Cases 
Due to the method of screening adopted, a roll-on/roll-off design for each case was 
employed (see Chapter 6). Once a case was included in the study, 2 of the measures (i. e., 
the parent interview [section 7.1.6] and naturalistic observations [section 7.1.7]) were 
taken in the home setting. All other measures, except the parent interview, were also taken 
in the school setting. Additionally, some measures (i. e., naturalistic observations, Teacher 
Concern Scale [section 7.1.4] and Motivation Assessment Scale [section 7.1.5]) were 
taken in the school setting approximately every three months over a 15-25 month period. 
Figure 7.1 below shows the number of follow-ups, length of interval between follow-ups 























Figure 7.1. Diagram showing the number of follow-ups, length of interval between follow-ups and 
total length of follow-up period for each case. (Filled circles represent initial school visits and 
follow-ups). 
The mean number of follow-ups conducted for each child across all children was 5.75 
(range =2 to 8). A low number of follow-ups (n = 2) occurred for one child (case 17) 
who, according to his teacher, had become distressed by the direct observation 
procedures. No further follow-ups of this child were therefore conducted. The mean length 
of interval between follow-ups for each child across children was 3.74 months (range 3.2 
months to 4.5 months). Long follow-up interval lengths (i. e., 6 months) occurred when I 
child (case 10) was admitted to hospital for a treatment unrelated to SIB. The mean total 
length of follow-up period for each child across children was 17.5 months (range 4 months 
to 24 months). 
7.2.2. Controls 
In a similar way to the cases, once a control child had been included in the study, the 
parent interview (see section 7.1.6) and naturalistic observations were conducted in the 
home setting. Similarly, all measures except the parent interview were also taken in the 
school setting. However, unlike the cases, the controls were not scheduled to be followed- 
up. Controls were included in order to confmn existing risk markers for SIB and also to 
identify any additional markers (see Chapter 6). 
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7.2.3. Children with Lesch-Nyhan syndrome 
Figure 7.2. below shows the number of follow-ups conducted, length of interval between 










Figure 7.2. Diagram showing the number of follow-ups, length of interval between follow-ups and 
total length of follow-up period for each child with Lesch-Nyhan syndrome. (Filled circles 
represent initial school visits and follow-ups). 
The mean number of follow-ups conducted for each child across children was 5.33 (range 
=5 to 6). The mean length of interval between follow-ups was 4 months (range 3 months 
to 7 months). A long follow-up interval length (i. e., 7 months) occurred when I child (case 
# 2) was admitted to hospital for a treatment unrelated to SIB. The mean total length of 
follow-up period for each child across children was 17.33 months (range 16 months to 18 
months). 
7.2.4. Naturalistic Observations 
Each child was scheduled to be observed for a3 to 4 hour period at the initial home and 
school observation and at each school observation follOW-Up3. Prior to each observation 
period, each child's teacher or parent was telephoned to arrange a suitable day when the 
child could be observed for at least 3 hours but not more than 4 hours continuously (i. e., 
the child was scheduled to remain within the school grounds or to remain at home for the 
entire duration). 
Throughout each 3 to 4 hour observation, the observer followed the child as unobtrusively 
as possible and did not interact with the child at any time. Teachers and parents were 
reminded prior to each observation period to ignore the presence of the observer and to 
interact normally with the child. Observations thus included a representative sample of 
activities: meals, group activities, individual work, and leisure time. 
The observer stood in the comer of the room and out of the child's line of sight. To start 
each observation, the observer held the laptop computer in one hand and pressed a key to 
3AII child and adult responses were recorded live except for when agreement checks were conducted. 
Here, responses were recorded on videotape and coded at a later date. 
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start its built-in I -s interval timer. Each response on the observational code was assigned a 
specific key on the computer keyboard (e. g. eye pressing/poking was coded with an "I"). 
The occurrence and sequence of each response across I -s intervals was thus automatically 
recorded by the computer when the observer pressed the relevant key. For duration 
behaviours, the observer pressed the relevant key once when the behaviour began and 
again when the behaviour had ceased. For the event behaviours, the observer pressed the 
relevant key only once. More than one event behaviour could be recorded at any one 
interval. [The non-occurrence of each response was not recorded but could, of course, be 
indicated by the absence of the response]. For each observation period, the percentage of 
I -s intervals during which each behaviour category occurred was calculated by dividing 
the number of recorded I -s intervals for each behaviour category by the total number of I- 
s intervals and multiplying by 100. 
7.2.5. Data analysis 
Data analysis of the follow-up observational data was conducted using the "individual 
growth-trajectory perspective" (Willett, 1988). This approach eliminates many of the 
problems traditionally associated with the analysis of longitudinal data by viewing 
individual change as following a smooth trajectory over time. The method is also 
particularly useful since it allows for the inclusion of data sets with missing values and/or 
analysis of data with unequal periods between measurement occasions. The analysis 
comprises two linked phases :a within-individual phase and a between-individual phase. 
For the first phase of the analysis (i. e., the within-individual phase) a mathematical model 
is adopted to characterise individual change over time. Although such models can be more 
complex, (i. e., negative exponential or logistic), linear and quadratic models of change 
have been most widely adopted in the literature. For the present study, a simple linear 
model was chosen since it appeared to fit well to the data. By adopting a linear model, a 
behaviour category (e. g., SIB) is assumed to either increase or decrease linearly over time. 
This assumption, for the four behaviour categories, can be represented by the following 
equations; 
SIBit = Poi +P lit + errorit (7.6) 
STEREOTYPYit -:: Poi + Plit + errorit (7.7) 
ATTENTIONit ..: Poi + Plit + errorit (7.8) 
DEMANDSit = Poi +pI it + errorit (7.9) 
where t represents follow-up time (in months), the intercept term, 00j, is the rate of the 
behaviour category for the ithindividual at time zero, and the slope parameter, P I,., is the 
monthly rate of change in the behaviour category for theithindividual. Because the focus 
of the study was to investigate the early development of behaviour over time, the slope 
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parameter was therefore retained for further analysis. Values for the slope parameter, Pli 
can be estimated by regressing the percentage occurrence of each behaviour category at 
each follow-up observation against follow-up time (in months) using Ordinary Least 
Squares (OLS) (SPSS, 1987). A positive value obtained for the slope parameter would 
thus indicate that the occurrence of the behaviour category had increased over time 
whereas a negative slope would indicate that it had decreased over time. A zero value for 
the slope parameter would indicate that the occurrence of the behaviour category had 
remained stable over time. 
As shown in Equations 7.6 to 7.9 above, estimates for the slope parameter are subject to 
measurement error (i. e., the linear model may fit some individual's data but may not do so 
for others). To reflect this, standard errors of the slope parameters, sx. (Pli), must also be 
calculated (see Willett, 1988). Standard errors reflect the precision of the estimated slope 
parameter (i. e. slope parameters with the smallest standard errors have been measured 
with the greatest precision). These values can then used in the second phase of the 
analysis. 
For the second phase of the analysis (i. e., between- individual phase), the estimated slope 
parameters for each individual can be regressed against a background characteristic or 
covariate. However, at this stage, information concerning the precision of the slope 
estimate is not included in the between-individual regression. To include this information, a 
weight matrix must be constructed so that the slope parameters estimated with the greatest 
precision have the largest weights. This is done using the method described in Willett 
(1988). Specifically, weights are calculated by; 
Wit = (7.10) 
s2+ [s. e. 
(p, t)]2 
where the residual mean square, S2, is retained from the initial between-individual 
regression. The estimated slope parameters together with the weight matrix are then again 
regressed against the covariate, this time using Weighted Least Squares (WLS) (SPSS, 
1987). The subsequent correlation obtained between the weighted slope parameter and the 
covariate reflects the degree of association between change in a behaviour category and 
the covariate. A positive correlation, for instance, would indicate that an increase in the 




7.2-5.1 Descriptive analysis 
Two methods of analysis were adopted for the present study. The first method employed 
the usual "conditional probability" approach (see Chapter 4) to determine whether or not 
maintaining variables for SIB and/or stereotypic behaviour could be identified at time I 
and at each subsequent follow-up observation for each child. The second method 
employed a new "nonnalised-and-pooled" approach (for 2 children) to cross-validate the 
results of conditional probability method and thereby to determine whether or not the 
conditional probability analysis was sufficiently sensitive to detect "distal" events such as 
establishing operations, necessary for the identification of maintaining variables. 
In both methods, data were analysed from a "child effects" perspective (see Chapter 4) i. e., 
child responses were considered the independent variables in the analysis and 
envirom-nental events were considered the dependent variableS4. 
Before describing the two methods however, in order for the analysis to adequately test 
both the social-negative, social-positive and automatic reinforcement hypotheses for SIB 
and stereotypic behaviour, 3 additional environmental event categories were defined post 
hoc, in addition to the attention and demand categories recorded by the observer. These 
were "demand removal", "attention removallf and "no interactionfl. 
The category of "demand removal" was defined as the discontinuation of demands for 10, 
I -s intervals following a demand (or whatever time was available between successive 
occurrences of demands, if demands recurred within 10,1 -s intervals). The category of 
"attention removal" was defined in a similar way i. e., as the discontinuation of attention for 
10,1 -s intervals following attention (or whatever time was available between successive 
occurrences of attention, if attention recurred within 10,1 -s intervals). Finally, "no 
interaction" was defined as the absence of demands, attention, demand removal and 
attention removal. 
To illustrate the definition of the demand removal category for example, in Figure 7.3, the 
solid bars represent 16 hypothetical occurrences of demands and the shaded areas below 
show the corresponding occurrences of demand removal. 
41f child responses had been considered the dependent variables in the analysis however, the results would 









Figure 7.3. Diagrammatic representation of hypothetical data illustrating the definition of the 
category "demand removal". 
Looking at Figure 7.3, it can be seen that most of the demand removal periods were the 
usual 10,1 -s intervals in length. However, the available time between occurrences 6 and 7 
of demands, between occurrences 8 and 9, between occurrences 12 and 13, and between 
occurrences 14 and 15 were all less than 10,1 -s intervals. On these occasions then, 
demand removal became whatever time was available between the occurrences of demands 
(see occurrences 6,8,12 and 14 of demand removal which are shorter than 10,1 -s 
intervals). 
In this way, 5 environmental event categories were therefore considered in the descriptive 
analysis i. e., demands, attention, demand removal, attention removal and no interaction 
(c. f. Lerman & Iwata, 1993). This ensured that both the analysis and the subsequent 
interpretation of the data would be consistent with previous research (e. g., Lerman & 
Iwata, 1993; Mace & Lalli, 1991). 
7.2.5.1.1. The "conditional probability" approach 
Prior to calculating conditional probabilities, periods of time antecedent and consequent to 
each response were defined. A period antecedent to a response was defined as the 10,1 -s 
intervals prior to the onset of the response. A period of time consequent to a response was 
defined as the 10,1 -s intervals following the offset of the response (c. f., Lerman & Iwata, 
1993). Using these definitions however, if the time between successive occurrences of a 
response was less than 20,1 -s intervals, periods of time consequent to the first occurrence 
of a response would overlap with the period of time antecedent to the second occurrence 
and so on, hence producing anomalies in the data. To avoid this problem, where time 
periods overlapped, the period of time between successive occurrences of a response was 
split, the first half being assigned to the consequent period of the first occurrence, the 
second half being assigned to the antecedent period of the second occurrence and so on 
(see Hall & Oliver, in press). 
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To illustrate, in Figure 7.4 below, the solid bars represent 12 hypothetical occurrences of 







Figure 7.4. Diagrammatic representation of hypothetical data illustrating the definition of the 
antecedent and consequent periods. 
Looking at Figure 7.4, most antecedent and consequent periods were the usual 10,1 -s 
intervals in length. However, it can be seen that the available time between occurrences 2 
and 3 of SIB and between occurrences 7 and 8 of SIB were less than 20, I-s intervals. 
Here then, the available time was split into the respective antecedent and consequent 
periods (see antecedent periods 3 and 8, and consequent periods 2 and 7 which are shorter 
than 10,1 -s intervals). 
Using the definitions for antecedent and consequent time periods then, conditional 
probabilities for each environmental event, E, occurring antecedent and consequent to 
each response, R, [i. e., p(Eý/R) and p(E,, IR)], were calculated using the following 
formulae; 
p(E-, IR) = 
no. of I-s intervals of event during antecedent time period (7.11) 
no of I-s intervals of antecedent time periods 
p(E, R) = 
no. of I-s intervals of event during consequent time period,, (7.12) 
no of I-s intervals of consequent time periods 
To illustrate, suppose that, in an observation session, the time periods antecedent to SIB 
totalled 105,1 -s intervals and that the time periods consequent to SIB also totalled 105,1 - 
s intervals. Suppose further that during the antecedent periods, demands occurred for a 
total of 10 1,1 -intervals and that during the consequent periods, demands occurred for a 
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total of 80,1-s intervals. Given this scenario then, using equation 7.11, the conditional 
probability of demands occurring antecedent to SIB would become: 
p(demands -, / SIB) = 
101 
= 0.96 105 
and, using equation 7.12, the conditional probability of demands occurring consequent to 
SIB would become: 
p(demands, SIB) = 
80 
= 0.76 105 
In this manner, given 5 environmental events and 2 child responses (i. e., SIB and ST) in 
the analysis, 20 conditional probabilities were calculated at each observation for each child. 
As Lerman & Iwata (1993) have pointed however, if some events occur at higher 
frequencies than others in the data, high conditional probabilities may occur simply "by 
chance" (see Chapter 4). For instance, if an observation session included low frequency 
SIB and high frequency demands, then the conditiOnal probability of demands preceding 
SIB would be high even though demands may rarely have occasioned SIB. To overcome 
this problem (and to aid data interpretation), a statistical measure of association (e. g. 
Yule's Q), which evaluates the extent to which an event is associated with SIB over and 
above what would be expected by chance, can be calculated for each conditional 
probability (Bakeman & Quera, 1995; Hall & Oliver, in press, Appendix K). 
Before Yule's Q values can be calculated however, the conditional probability of an 
environmental event occurring during the absence of the periods antecedent and 
consequent to a response [i. e., p(E R) and p(E, R) ], must also be calculated. These 
conditional probabilities were calculated using the following formulae; 
p(E-ilR) 
no. of I-s intervals of event during the absence of antecedentperioci (7.13) 
no of I-s intervals of absence of antecedent periods 
p(E, jRý) = 
no. of I-s intervals of event during the absence of consequent period 
no of I-s intervals of absence of consequent periods 
(7.14) 
Using an example, suppose that the absence of the time periods antecedent to SIB totalled 
442,1 -s intervals and that the absence of the time periods consequent to SIB also totalled 
442,1 -s intervals. Suppose fiarther that during the absence of the antecedent periods, 
demands occurred for a total of 173,1 -intervals and that during the absence of the 
consequent periods, demands occurred for a total of 85 1-s intervals. Given this scenario 
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then, and using equation 7.13, the conditional probability of demands occurring during the 
absence of the antecedent to SIB periods would become: 
p(demandS- SIB) = 
173 
= 0.39 442 
and, using equation 7.14, the conditional probability of demands occurring during the 
absence of the consequent to SIB periods would become; 
p(demands, SIB) = 
85 
= 0.19 442 
Again, given 5 environmental events and 2 child responses in the analysis, a further 20 
conditional probabilities were calculated. 
Yule's Q statistics for each event occurring antecedent and consequent to each response 
were then calculated using the following formulae; 
[p(Eýj R) x (I - p(Eýj R))] - [(I - p(Eýj R)) x p(E_, R)] Yule's Q (E-, IR) = [p(Eýj R) x (I - p(E_l R))] + [(I - p(Eýj R)) x p(Eý, R)] 
(7.15) 
Yule's Q (E, R) = 
[p(El / R) x (I - p(E, I/ R))] - [(I - p(E, l / R)) x p(E,, / R)] (7.16) 
[p(E, I I R) x (1-p(E,, I R))]+ [(I -p(E+j I R)) x p(E+, I R)] 
For instance, to calculate the Yule's Q statistic for demands occurring antecedent to SIB; 
the conditional probability of demands occurring antecedent to SIB was 0.96 and the 
conditional probability of demands occurring during the absence of the antecedent to SIB 
penods was 0.39 (see above). Using equation 7.15 above: 
Yule's Q (demands SIB) = 
[0.96x(l-0.39)1-[(l-0.96)xO. 39] 
= 0.95 [0.96x (1-0.39)]+[(1-0.96) x 0.391 
The Yule's Q value for demands occurring antecedent to SIB is therefore 0.95. 
Similarly, to calculate the Yule's Q statistic for demands occurring consequent to SIB; the 
conditional probability of demands occurring consequent to SIB was 0.76 and the 
conditional probability of demands occurring during the absence of the consequent to SIB 
periods was 0.19 (see above). UsIng equation 7.16 above: 




The Yule's Q value for demands occurring consequent to SIB is therefore 0.86. 
The interpretation of Yule's Q is analogous to the correlation coefficient. Thus, a positive 
value for Q indicates that the conditional probability of the event is higher than would be 
expected by chance whereas a negative value for Q indicates that the conditional 
probability of the event is lower than would be expected by chance (Yule's Q values range 
from -I to +1). 
As described in Lerman & Iwata (1993), the method adopted here examines a number of 
variables each potentially supporting one of three hypotheses: social-positive 
reinforcement, social-negative reinforcement or automatic reinforcement. To aid 
interpretation of the data therefore, the antecedent and consequent events relevant to test 
each hypothesis can be grouped together. Table 7.17 below shows the relevant groups. 
Table 7.17. Relevant antecedent/consequent comparisons of events, grouped according to the 
three hypothesised functionS5. 
Social-negative Social-positive Automatic 
reinforcement reinforcement reinforcement 
antecedent demands no antecedent interaction no antecedent interaction 
antecedent attention antecedent demand removal no consequent interaction 
consequent demand removal antecedent attention removal 
consequent attention removal consequent demands 
consequent attention 
To determine whether or not a particular reinforcement hypothesis was operative, based 
on the Yule's Q values derived for each conditional probability (and using an arbitrary 
cut-off value of 0.1), a number of criteria were adopted. 
Figure 7.5. below is a flowchart of these criteria. 
5No antecedent interaction appears twice i. e. to test the social-positive reinforcement hypothesis and to test 
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A worked example will serve to illustrate the calculations and interpretation of the data. 
For example, suppose the following data were to be subjected to a conditional probability 
analysis: 
Timed demands SIB demand-removal attention attention-removal no-interaction; 
11 demands, 11 -21) SIB, 1 5-22) demand_removal, 22-31) attention, 23-39) demands, 40-49) 
attention-removal, 40-49) demand 
- removal, 
50-59) no-interaction, 60-64) demands, 65-84) 
SIB, 83-88) demand-removal, 85-94) SIB, 92-11 01) no-interaction, 95-99) attention, 11 00-116) 
attention-removal, 117-126) demands, 126-144) SIB, 144-150) demand 
- removal, 
145-154) 
attention, 150-165) demands, 166-182) attention - removal, 
166-175) SIB, 181-186) 
attention, 183-204) demand-removal, 183-192) demands, 204-220) attention - removal, 
20 5-214) 
demand-removal, 221-224) demands, 225-252) SIB, 250-256) demand 
- removal, 
253-262) 
attention, 255-268) attention-removal, 269-278) demands, 269-286) demand - removal, 
287-291) 
demands, 292-302) SIB, 302-311 1) demand-removal, 303-312) no-interaction, 313-319) 
SIB, 3116-345) attention, 320-336) attention-removal, 337-346) demands, 344-367) 
SIB, 365-372) demand-removal, 368-377) attention, 368-386) attention - removal, 
387-396) 
demands, 393-406) SIB, 404-41 1) demand-removal, 407-416) attention, 408-425) 
demands, 426-438) attention - removal, 
426-43 5) demand 
- removal, 
439-444) demands, 445-457) 
SIB, 457-470) demand-removal, 458-467) no-interaction, 468 demands, 469-481) 
demand 
- removal, 
482-486) attention, 482-487) demands, 487-507) attention - removal, 
488-497) 
SIB, 508-5113) de mand-rem oval, 508-517) attention, 514-532) demands, 533-547) 
attention-removal, 533-542) 
, 547)/ 
The data [represented in "SDIS timed" format (Bakeman & Quera, 1995)] contains one 
child response (i. e., "SIB"), and the 5 environmental events, (i. e., "demands", "attention", 
"demand 
- removal", 
"attention removal" and "no-interaction"). As can be seen from the 
data, the observation session started at second I (line 2) and ended at second 547 (line 
20). Each recorded behaviour occurrence (lines 3 to 19) has three components: the 
category name, its onset time (in seconds) and its subsequent offset time. By defining the 
antecedent and consequent time periods for SIB as shown above and using equations 7.11 
and 7.12, Table 7.18 below shows the resulting conditional probability values for each 
environmental event occurring antecedent and consequent to SIB. 
Table 7.18. Conditional probability values for each environmental event occurring antecedent 
and consequent to SIB using the condition al-probabi I ity approach - example data. 
Antecedent to SIB Consequent to SIB 
Demands 0.9619 0.2000 
Attention 0.0000 0.7619 
Demand removal 0.0190 0.4000 
Attention removal 0.0762 0.0095 
No interaction 0.0190 0.0095 
Using equations 7.13 and 7.14, Table 7.19 below shows the resulting conditional 
probability values for each environmental event occurring during the absence of the 
antecedent and consequent periods. 
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Table 7.19. Conditional probability values for each environmental event occurring during the 
absence of the antecedent and consequent periods using the conditional-probability approach - 
example data. 
Not-antecedent to SIB Not-consequent to SIB 
Demands 0.3914 0.5724 
Attention 0.3733 0.1923 
Demand removal 0.2896 0.1991 
Attention removal 0.2081 0.2240 
No interaction 0.0362 0.0385 
Using equations 7.15 and 7.16, Table 7.20 below shows the resulting Yule's Q values. 
Table 7.20. Yule's Q values using the conditional-probability approach - example data. 
Antecedent to SIB Consequent to SIB 
Demands 0.95 -0.69 
Attention -1.00 0.86 
Demand removal -0.95 0.46 
Attention removal -0.52 -0.94 
No interaction -0.32 -0.61 
Figure 7.6 below is a graphical representation of these data. In order to aid interpretation 
of the data, the relevant antecedent/consequent comparisons of Yule's Q values for the 
three hypothesised functions (i. e., negative, positive and automatic reinforcement) are 
shown. 
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Figure 7.6. Graphical representation of the Yule's Q values in Table 7.20. 
Working through the criteria shown in the flowchart in Figure 7.5 above, a negative 
reinforcement hypothesis for these data can be inferred i. e., the graph of the left of Figure 
7.6 shows that the Yule's Q values for antecedent demands and for consequent demand 
removal are both higher than would be expected by chance (i. e., they are both greater than 
0.1). These data therefore support a social-negative reinforcement hypothesis. The graph 




higher than would be expected by chance, none of the relevant antecedent events are also 
higher than would be expected by chance. These data therefore do not support a social- 
positive reinforcement hypothesis. The graph on the right of Figure 7.6 shows that the 
Yule's Q values for no antecedent interaction and no consequent interaction are both lower 
than would be expected by chance. These data therefore do not support the automatic 
reinforcement hypothesis. 
7.2.5.1.2. The "Normal ised-and- Pooled" approach 
Although the example presented above has been useful for illustrative purposes, it is 
acknowledged that schedules of reinforcement may be substantially more complex and 
intermittent in the natural environment. It was possible therefore that the conditional 
probability method outlined above may not have been sufficiently sensitive to detect these 
schedules. For instance, the removal of demands on a VR25 schedule would constitute 
only a small increase (i. e. 0.04) in the conditional probability of demand removal following 
SIB over and above its base rate. Similarly, the delivery of attention on an intermittent 
schedule would constitute only a small increase in the conditional probability of attention 
following SIB. These changes in conditional probability values may therefore have not 
appeared "significant" to warrant consideration of a particular hypothesis. 
It was also apparent that the conditional probability method may not have been able to 
detect "distal" antecedent or consequent events (i. e. highly influential events that occur 
well before or after the occurrence of a response) (see Wampold, 1986). This caveat can 
be considered particularly problematic for tests of the social-positive reinforcement 
hypothesis. For instance, in cases where attention is the relevant maintaining variable (but 
is delivered on a thin intermittent schedule) or is an irrelevant maintaining variable (but is 
delivered frequently), detection of the antecedent establishing operation of reinforcer 
deprivation becomes relatively important. It was unlikely however that the presence of no 
interaction for just 10 seconds prior to the occurrence of a response constituted an 
establishing operation of reinforcer deprivation. The time window chosen for the 
conditional probability analysis outlined above (i. e. 10 seconds), may therefore have been 
too short. A solution to this problem would have been to extend the time "Window" to, 
say, 30 seconds. However, it was clear that if the duration of the time window was 
increased, the sensitivity of the analysis would decrease substantially. 
In this approach therefore, antecedent and consequent periods were defined relative to the 
time available between occurrences of a response as opposed to being fixed at some pre- 
determined (and somewhat arbitrary) length e. g. 10,1 -s intervals. Thus, for each 
occurrence of a response, the time between successive occurrences of the response were 
split, the first half being assigned to the period consequent to the first occurrence of the 
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response and the second half being assigned to the period antecedent to the next 
occurrence of the response and so on' (cf. the definition of time periods in the conditional 
probability analysis). 
To illustrate, in Figure 7.7 below, the solid bars represent 12 hypothetical occurrences of 
SIB and the shaded areas show the corresponding periods preceding (i. e., antecedent to) 










Figure 7.7. Diagrammatic representation of hypothetical data illustrating the definition periods 
preceding and following a response. 
For instance, suppose that the second occurrence of SIB in the data ended at second 22 
and that the third occurrence began at second 83. Given this scenario then, thefollowing 
period for the second occurrence of SIB would be seconds 23 to 52 and the preceding 
period for the third occurrence of SIB would be seconds 53 to 82. 
Once the antecedent and consequent periods were defmed in this way, for each occurrence 
of a "given" behaviour (i. e., SIB or ST), the seconds at which a "target" behaviour (e. g., 
demands) co-occurred antecedent to, concurrent with and consequent to the "given" 
behaviour were noted. Because each antecedent, concurrent and consequent period would 
consist of differing time unit lengths, each period was then "normalised" (in order to 
produce time periods of equal length) and the proportion of seconds at which the "target" 
behaviour co-occurred in each of the three "periods" was calculated. 
6Data for the first and last occurrences of a response in an observation file are not included since the 
number of intervals from the previous occurrence of the response to the first occurrence and from the last 
occurrence of the response to the next occurrence of the same response cannot be determined. 
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For example, suppose SIB occurred at seconds 92 to 10 1 in the data and that demands co- 
occurred with SIB at seconds 100 to 101. Given this scenario then, the percentiles at 
which demands would have co-occurred during SIB would be 80 to 100 (i. e., demands 
occurred at the end of the during SIB period). 
In order to calculate the mean probability of each "target" behaviour occurring at a given 
percentile for each period of the "given" behaviour, the total number of occurrences of the 
"target" behaviour occurring at each percentile were then pooled across all occurrences of 
the "given" behaviour for each period. To illustrate, if demands co-occurred at percentile 
110" in thefollowing period of the 3rd, 4th, 5th, 6th, 9th and 10th occurrences of SIB, the 
total number of pooled occurrences of demands occurring at percentile "0" of the 
following period would therefore be 6. 
The total number of occurrences of each "target" behaviour occurring at each percentile 
were then divided by the total number of occurrences of the "given" behaviour considered 
in the data. For example, if SIB occurred 10 times in the data, the total number of 
occurrences of demands occurring at each percentile would be divided by 10. The 
probability of demands occurring at percentile "0" in thefollowing period of SIB would 
thus be 0.6. 
A summary diagram of the probability of each "target" behaviour preceding, occurring 
during andfollowing each response was then constructed. Since there were 5 
environmental event categories to consider (i. e., demands, attention, demand removal, 
attention removal and no interaction), and 2 responses (i. e., SIB and stereotypic 
behaviour), 10 diagrams were produced in this way. 
In order to compare the output from the normalised-and-pooled approach to the 
conditional probability approach, a "profile score" (equivalent to a Yule's Q value) for the 
preceding and following periods was then derived. This was done by calculating the mean 
probability value of each environmental event for each preceding and following period of 
the profiles. The mean probability of each environmental event occurring during the 
absence of the preceding and following periods was then calculated. For the preceding 
period, this was done by calculating the mean of the probability values over the during and 
following periods. For the following period, this was done by calculating the mean of the 
probability values over the preceding and during periods. A "profile score" for each 
environmental event preceding and following each response was then calculated from the 
probability data using the formulae for Yule's Q (see above). 
Figure 7.8 shows the profiles that are obtained when the normalised-and-pooled approach 
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Figure 7.8. Plots of the mean probability of demands, attention, demand removal, attention 
removal and no interaction at each percentile preceding, during and following SIB - example 
data. 
Table 7.21 below shows the mean probability values calculated from the preceding and 
following periods of the profiles. 
Table 7.21. Mean probability values for each environmental event preceding and following SIB 
using the normal i sed-and- pooled approach - example data. 
Preceding SIB Following SIB 
Demands 0.6584 0.3109 
Attention 0.0000 0.4614 
Demand removal 0.1871 0.3059 
Attention removal 0.1535 0.1822 
No interaction 0.1178 0.0505 
Table 7.22 below shows the resulting probability values for each environmental event 
occurring during the absence of the preceding and following periods for the example data. 
Table 7.22. Mean probability values for each environmental event not-preceding SIB and not- 
following SIB using the normal i sed-an d-pooled approach - example data. 
Not-preceding SIB Not-following SIB 
Demands 0.2777 0.4515 
Attention 0.3822 0.1515 
Demand removal 0.4510 0.3916 
Attention removal 0.1064 0.0921 
No interaction 0.0614 0.0951 
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Table 7.23 shows the resultant profile scores. 
Table 7.23. Profile scores using the normal i sed-and-pool ed approach - example data. 
Preceding SIB Following SIB 
Demands 0.67 -0.29 
Attention -1.00 0.66 
Demand removal -0.56 -0.19 
Attention removal 0.21 0.37 
No interaction 0.34 -0.33 
Figure 7.9 below is a graphical representation of these data. In order to aid interpretation 
of the data, as before, the relevant antecedent/consequent comparisons of profile scores 
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Again, working through the flowchart shown in Figure 7.5, two maintaining variables can 
be identified. The graph of the left of Figure 7.9 shows that the profile scores for 
antecedent demands and for consequent demand removal are both greater than the 0.1 cut- 
off point. This indicates that, for the example data, SIB may be maintained by social- 
negative reinforcement. This result is in agreement with the conditional probability analysis 
above. The graph in the middle of Figure 7.9 shows that the profile scores for no 
antecedent interaction (and antecedent attention removal) and consequent attention are 
also both greater than 0.1. This indicates (in contrast to the conditional probability 
analysis) that SIB may also be maintained by social-positive reinforcement. Finally, the 
graph on the right of Figure 7.9 indicates (in agreement with the conditional probability 
analysis) that an automatic reinforcement account cannot be entertained since the profile 
score for no consequent interaction is not greater than 0.1. 
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As predicted, in the example data, the conditional probability analysis failed to detect the 
establishing operation of reinforcer deprivation (i. e., no antecedent interaction). This is 
because the antecedent and consequent periods in the conditional probability analysis are 
fixed to a pre-determined length (i. e., they extend to a maximum of 10,1 -s intervals). This 
is not so in the nonnalised-and-pooled approach where antecedent and consequent periods 
are defined relative to the time available between occurrences of a response (i. e., they 
extend to a point halfway between occurrences of a response and therefore vary in length). 
In this way, given the graphical nature of the output, and its sensitivity to minor 
fluctuations in probability values, the normalised-and-pooled approach may offer a 
relatively useful way to detect the occurrence of intermittent schedules and/or distal. events 
occurring In the descriptive data, phenomena which may be difficult to detect in a 
conditional probability analysis. For the present study then, profiles for two exemplary 
cases (i. e., cases I and 2) will be examined at time I and across follow-up observations in 




Results - Assessment at time 1- 
Three groups of children participated in the study: 1. an index group (n = 17), 2. a control 
group (n = 10) and 3. a "high risk" group (n = 3). 
8.1. Index children 
The demographic and diagnostic characteristics of the 17 index children who participated 
in the study are shown below in Table 8.1, together with the children's developmental 
levels on the VABS measured at the beginning of the study (i. e. time 1). 
Table 8.1. Demographic characteristics of the cases (N = 17). 
Child 
no. 
Sex Age in 
years 
Developmental 
age in yearsl 
Motor involvement Diagnosis 
I M 2 6/ 12 5/ 12 Non-ambulant Sturge-Weber syndrome, epilepsy, vision 
and hearing deficit 
2 F 41/12 9/12 Non-ambulant Epilepsy, vision deficit 
3 F 39/12 8/ 12 Poor ambulation Autism, epilepsy 
4 M 49/,? 11119 Ambulant Autistic-like behaviour 
5 M 1011/12 111/12 Ambulant Autistic-like behaviour 
6 M 44/12 15/ 12 Poor ambulation Trisomy 6Q syndrome, vision deficit 
7 M 5 3/ 12 2 5/ 12 Ambulant Autism 
8 M 41/12 10/12 Non-ambulant Seckel syndrome, vision deficit 
9 M TO/12 8/12 Poor ambulation Fragile X syndrome 
10 M 5' 1/12 2 Ambulant Autism 
11 F 3 4/ 12 10/12 Non-ambulant Sturge-Weber syndrome, epilepsy, vision 
and hearing deficit 
12 M 41/12 16/ 12 Ambulant Autism 
13 F 51/12 11/12 Ambulant Autistic-like behaviour 
14 M 5 6/ 12 111/12 Ambulant Autism 
15 M 64/12 24/12 Ambulant Autism 
16 F 51/12 9/12 Poor ambulation Cornelia de Lange syndrome, hearing 
deficit 
17 M 911/12 111/12 Ambulant Autism 
1 adaptive behaviour composite of Vineland Adaptive Behavior Scales 
12 of the group were boys (m: f ratio = 2.4: 1). The mean age of the children at screening 
was 5 
7/ 
12years (s. d. = 
22/ 
12) and their mean developmental age (from the Vineland Adaptive 
Behavior Scales) was 
14/ 
12years (s. d. 
= 8/12)- Using information collected from the parent 
interview (see Chapter 7), 4 children were non-ambulant, 4 had poor ambulation and 9 
were ambulant. 6 children had been diagnosed with a specific syndrome i. e., Sturge-Weber 
(2), Trisomy 6Q (1), Seckel (1), Fragile X (1) and Cornelia de Lange (1) and 7 children 
had a diagnosis of autism, with 3 being considered to have "autistic-like'' behaviour. 4 
children suffered from epilepsy, 5 had a vision deficit and 3 had a hearing deficit. All 
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diagnoses and checks on hearing and vision had been conducted by professionals in local 
hospitals. 
8.1.1 Vineland Adaptive Behaviour Scales 
The Vineland Adaptive Behavior Scale was administered to each child's teacher at the 
beginning of each child's involvement in the study. Developmental age equivalents for each 
index child are given in Table 8.1 above. Figure 8.1 below shows the mean age equivalent 
scores broken down by domain. 
Vineland Adaptive Behavior Scales - 











Figure 8.1. Vineland Adaptive Behavior Scales age equivalent mean scores by domain - Cases. 
The figure shows that the index children had particularly poor socialisation. and 
communication skills. Interestingly, similar domain scores were obtained for 54 older 
individuals, (mean age = 25.2 years) whose SIB was well-establi shed (see Murphy et al., 
1993). These individuals also had siirnilar overall developmental ages (mean developmental 
age = 11.5 months). 
8.1.2 Childhood Autism Rating Scale 
The Childhood Autism Rating Scale was completed for each child following the first 
school observation. Figure 8.2 below shows the Childhood Autism Rating Scale total 
scores attained by each index child. 
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Figure 8.2. Childhood Autism Rating Scale scores - Cases. 
The mean total score for the index group was 36.75 (s. d. = 7.96): Only 3 children did not 
fall into autistic categories (i. e., cases 2,6 and 8); 14 children were placed in the "autistic" 
category [6 of these children (i. e., cases 1,3,7,9,11 and 16) were classified "mild to 
moderate autism" and 8 (i. e., cases 4,5,10,12,13,14,15 and 17) "severe autism"]. The 
high percentage of cases placed in the "severe autism" category would tend to suggest that 
autism may be a risk marker for the onset of SIB. All of the cases placed in the "severe 
autism" category, except cases 4 and 13, attended schools for children with autism. 
8.1.3. Aberrant Behaviour Checklist 
The Aberrant Behavior Checklist was administered to each child's teacher following the 
first school observation. Figure 8.3 below shows the Aberrant Behavior Checklist total 
scores for each index child. 










Figure 8.3. Aberrant Behaviour Checklist scores - Cases. 
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Figure 8.3 shows that there was marked variability between the index children as to 
whether the child's behaviour was considered to be a "problem" -6 of the children (i. e., 
cases 1,3,4,7,15 and 17) attained scores greater than 58 (i. e., each behavioural item 
was, on average, rated to be "a problem but slight in degree", relative to other children in 
the classroom). The mean total score for the index group was 40.53 (sd. = 29-90). Figure 
8.4 below shows the Aberrant Behavior Checklist mean scores broken down by sub-scale. 
Aberrant Behavior Checklist - 











Figure 8.4. Aberrant Behavior Checklist scores by sub-scale - Cases. 
The figure shows that the "stereotypic behaviour" sub-scale had the highest mean score. 
This finding would tend to suggest that the presence of stereotypic behaviour in a child's 
repertoire may be a risk marker for the onset of SIB (see Chapter 2). (Note: Questions 
pertaining to SIB appear on the "irritability" sub-scale in this questionnaire). 
8.1.4. Teacher Concern Scale 
The Teacher Concern Scale was administered to each child's teacher following the first 
school observation and at subsequent follow-up observations (see Chapter 7). Table 8.2 
below shows the Teacher Concern Scale scores by topography of stereotypic behaviour 
(left column) and SIB (right column) obtained for the cases at time 1. [Note: A score of 4 
on the TCS would indicate "extreme concern" whereas a score of 0 would indicate "no 
concern", see Chapter 7]. 
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Table 8.2. Teacher Concern Scale scores for topographies of stereotypic behaviour (left column) 
and SIB (right column) - Cases. 
Child Stereotypic behaviour SIB 
no. 
1 Body rocking (3), waving arms(O) Hitting objects to head (3), kicking body 
(2), self-scratching (1) 
2 Head rolling (2), body rocking (1), Hand biting (2), self-scratching (1), eye 
waving anns (1) 
3 Body rocking (2), head rolling (2), 
waving anns (1) 
4 Waving anns (3), body rocking (2), head 
rolling (1) 
5 
6 Body rocking (2) 
7 Head rolling (0) 
9 Waving arms (1), head rolling (0) 
10 Waving arms (0) 
II Body rocking (1), waving arms (0) 
12 Waving arms (0) 
13 Waving arms (1), head rolling (0) 
14 
15 Waving arms (1), rocking body (0) 
poking (1), hair pulling (1) 
Hand-biting (2), hair-pulling (1) 
Body hitting (2), Self-scratching (1), 
kicking body (0) 
Head hitting (2), self-scratching (1), body 
hitting (1) 
Hand biting (1), head banging (1), 
inserting objects (1) 
Hand-blitling (3), hair pulling (1) 
Self-scratching (1), hitting objects to head 
(1), body hitting (0) 
Body hitting (1) 
Head hitting (2), body hitting (1) 
Hand biting (0), self-pinching (0), body 
hitting(O), self-scratching (0) 
Self-scratching (1) 
Head hitting (2), body hitting (1), self- 
scratching (1), eye poking (0) 
Head hitting (1), hitting objects to head 
(1), head banging (1) 
16 Waving arms (2) Hand biting (2), body hitting (1) 
_I 
7 Waving anns (1) Self-scratching (1), hand biting (1) 
Table 8.2 shows that for 2 cases (i. e., cases I and 4), teachers rated stereotypic behaviour 
as cause for "strong concern" even at time 1. Child I's teacher also rated SIB as cause for 
it strong concern". Although SIB was rated as causing more concern than stereotypic 
behaviour for 12 of the 17 cases, this difference was not statistically significant (W =-1.93, 
> 0.05, Wilcoxon signed-ranks test). 
8.1.5. Motivation Assessment Scale 
The Motivation Assessment Scale was administered to each child's teacher following the 
first school observation and at subsequent follow-up observations. Table 8.3 below shows 
the Motivation Assessment Scale mean scores by category of maintaining variable obtained 
for each case at time 1. 
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Table 8.3. Motivation Assessment Scale mean scores by category at time 1- Cases 







1 2.75 0 0.25 2 
2 2.5 0 0 0 
3 4.5 0 0.25 0 
4 4.75 3.35 4.75 3 
5 1.25 1.25 1.25 2.75 
6 2.00 2.00 2.75 3.00 
7 2.50 0.25 1.00 0.00 
8 2.50 1.75 1.75 1.25 
9 3.00 2.25 2.25 3.50 
10 0.00 0.25 0.00 4.25 
11 2.75 1.25 2.50 2.25 
12 1.50 2.00 0.00 3.50 
13 0.75 0.00 0.50 2.50 
14 0.00 0.50 0.50 0.25 
15 0.00 1.75 4.25 3.00 
16 3.50 3.25 0.75 1.00 
17 3.00 0.00 0.00 0.00 
Table 8.3 shows that the most likely maintaining variable for SIB was "sensory 
consequences" for 6 of the cases (i. e., cases 1,2,3,7,8, and 17), "tangible consequences" 
for 5 of the cases, (i. e., cases 5,9,10,12 and 13) and "attention" for I case (i. e., case 15). 
For the remaining 5 cases, there were two or more maintaining variables for SIB (i. e., the 
highest scores were either the same or were within . 25 points, see Chapter 7). Taken 
together, these results indicate that SIB may be maintained by social reinforcement even at 
an early stage. However, these results should be treated with caution in view of the recent 
evidence regarding the validity and reliability of the MAS (see Chapter 7). 
8.1.6. Parent Structured Interview 
The parent interview was administered to each child's parents at time 1. For classification 
purposes, the data was broken down into two parts: 1. factors concerning the onset and 
current topography, frequency and intensity of SIB and 2. setting factors and parental 




Table 8.4. Parent Structured Interview data concerning onset and current topography of SIB. 
(Text in parentheses in column 1 indicates classification of most likely "cause" of onset, see text). 
Child Onset of SIB Topography of SIB 
no. 
Headbanging began 12 months ago, when unwell. Head hitting, head banging and eye 
[minor illness] poking at least once per hour. No tissue 
damage. 
2. Scratching and hand-mouthing began 12 months Hand mouthing, eye pressing and hair 
ago, preceded by body rubbing and head rolling. pulling at least once per hour. Minor 
Eye-pressing started "recently". [stereotypies] tissue damage to fingers. 
3. Hand biting began 12 months ago, preceded by Hand biting and hair pulling at least once 
rubbing wrist against tables when had a rash. per hour. No tissue damage. 
[minor illness] 
4. Head-hitting began 3 months ago, preceded by body 
rocking and hand clapping. [stereotypies] 
5. Head-hitting began several years ago when had been 
"annoyed", "frustrated", or "pushed" at school. 
[demands] 
6. Body banging began 12 months ago when had been 
"annoyed" or "bored", preceded by "back arching" 
and accidentally falling over. [accidental] 
7. Head-object banging began 2 years ago, when had 
an ear infection and has now stopped. Hand-biting 
began 12 months ago for a few weeks and has now 
stopped. [minor illness] 
8. Hand-biting began 12 months ago, preceded by 
hand sucking. [stereotyplea] 
Hand-head and head-body hitting at high 
rate. No tissue damage. 
Hand-head hitting with rate being higher 
than in the past. No tissue damage. 
Body-object banging and head-object 
banging at least once per hour. Had 3 
stitches in back of head 18 months ago. 
Hand-biting with last incident being 6 
months ago Minor damage to skin. 
Hand-biting and head-object banging at 
high rate. Minor tissue damage to 
fingers. 
9. Hand-body hitting began 12 months ago following a Hand-body hitting less than once per 
heart operation and preceded by head rolling which hour. No tissue damage. 
began 3 years ago. [stereotypies, minor illness] 
10. Hand-head hitting began 2 years ago when Hand-head hitting and head-object 
reprimanded. Head-object banging began 18 months banging less than once per hour. No 
ago when having a tantrum. [tantrums] tissue damage. 
11. Hand-head hitting seen twice over last month. Hand-head hitting and head-object 
When has eczema will also scratch face. [minor banging once per hour or more. No tissue 
illness] damage. 
12. Hand-biting began 4 months ago when having a Hand-biting and hand-head hitting less 
tantrum, preceded by body rocking, shaking head than once per hour. Has caused bruising. 
and rolling eyes. [tantrums, stereotypies] 
15. Head-object banging began 18 months ago when Head-object banging at low rate. Has 
having a tantrum Also had ear infection at around caused cuts and bruising. 
the same time. [tantrums, minor illness] 
16. Hand-biting and hand-head hitting began 12 Hand-biting and face slapping at high 
months ago, preceded by "back arching". rate. Minor tissue damage to skin. 
[stereotypies] 
17. Hand-head hitting began 2 years ago. Hand-biting Hand-biting at low rate. Has produced 
began "recently" and occurred "accidentally". teeth marks. 
[accidental] 
The table shows that for the majority of cases, parents reported that the onset of SIB had 
occurred much earlier (i. e., more than 12 months ago) than had been reported by the 
child's teacher (i. e., within the previous 3 months). An illness of some kind (i. e., seizures, 
ear infections, eczema, or heart operation) appeared to be associated with the onset of SIB 
in 6 children (i. e., cases, 1,3,7,9,11 and 15). Stereotypic behaviour appeared to be 
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associated with SIB in 6 children (i. e., cases 2,4,8,9,12 and 16), with 3 children's SIB 
being associated with tantrums (i. e., cases 10,12 and 15) and with I child's SIB (i. e., case 
5) being associated with "demands". For 2 children (i. e., cases 6 and 17), SIB appeared to 
be "accidental" in origin. Finally, for 2 cases, (i. e., cases 13 and 14), SIB had not yet been 
noticed by the child's parents. (Data for these children are therefore not presented in the 
table). Given these data, factors associated with the onset of SIB could grouped into one 
of four categories (i. e., "minor illness", "stereotypies", "demands", "tantrums" and 
"accidental"). These categories are presented in Table 8.4 in the first column in 
parentheses. For some of the children, factors relating to the onset of SIB were associated 
with specific topographies that no longer were present in the child's repertoire. Some 
current topographies of SIB therefore appeared to have no obvious determinants. For 
example, for case #2, stereotypies appeared to be associated with the onset of the child's 
hand-mouthing and eye poking. However, the later onset of hair pulling had no identifiable 
determinants. In general, the table shows that the topographies of SIB identified by the 
child's mother were similar to those identified by the child's teacher at screening (see 
Chapter 6). Tissue damage as a result of SIB had occurred in 8 of the cases. 7 of the cases 
showed SIB at a high rate (i. e., at least once per hour). 
Table 8.5 below shows the data concerning setting factors and parental responses to SIB. 
The table shows that the variables which appeared to precede SIB were varied. In the 
parent's view, "under-stimulation" or "over-stimulation" preceded SIB in 4 of the cases, 
"demands" in 2 of the cases, and "wanting or being denied something" in 2 of the cases. 
For the other cases, SIB was preceded by more than one event. Parental responses to SIB 
were somewhat less variable. The majority of parents provided a verbal or physical 
response contingent on the occurrence of SIB, suggesting that SIB may be maintained by 
social reinforcement. SIB was sometimes "ignored" for 7 of the cases. Straight arm splints 
were sometimes employed for I child (case #2) whilst 5 children were smacked or slapped 
when they showed SIB. Taken together, these data indicate that there may be social 
determinants to SIB even at an early stage. Combining the information from the table, 
maintaining variables for SIB could be inferred. These were grouped into four categories 
(i. e., sensory, escape, attention and tangibles) and are presented in the table in parentheses 
in column 2. Using these classifications, SIB appeared to be maintained by sensory 
consequences for 4 children (i. e., cases 2,9,15 and 16), by escape for 2 children (i. e. cases 
12 and 17) by tangible consequences for another 2 children (i. e., cases 7 and 11) and by 
attention for I child (i. e., case 8). For the remaining cases, more than one maintaining 
variable could be identified. 
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Table 8.5 Parent Structured Interview data concerning setting factors and parental responses to 




Setting condition Parental response 
I When arriving home from school and is Put on knee and spoon feed or cuddle., physical 
hungry, when left alone, when having restraint. 
tantrums or crying. [Tangibles, attention] 
2 When under- stimulated or when tired, Ignore, verbally reprimand or physically prevent., 
when angry. apply straight arm splints for hair pulling. 
[Sensory] 
3 When wants the television on, after Slap hand, verbally reprimand or physically 
mealtimes, when mum is busy. prevent, distract by doing tasks. 
[Tangibles, attention] 
4 Demands, when mum is busy, when hand Verbally reprimand - i. e. "hands down" , smack or 
clapping. restrain. 
[Escape, attention] 
5 When dad goes out of the house or when Smack or ask to stop., comfort and give a tissue if 
the school bus is late, demands, when has been crying. 
having tantrums or crying. [Escape, attention] 
6 When tired, when hungry, when rubs eyes, Avoid going out, place in seclusion, give a cuddle, 
when teething/has ear infection. give food 
[Tangibles, Sensory] 
7 When denied toys. Ignore. 
[Tangibles] 
8. When distressed, when has an upset Take hand out of mouth, give attention. 
stomach, when has no attention. [Attention] 
9 When tired, when annoyed. Ignore, put toys out of reach, put to bed, give a 
bath, talk softly 
[Sensory] 
10 When frustrated, demands, when needs Say "no" quietly, hold hands, smack, "give in". 
help, when denied something. [Escape, tangibles] 
11 When bored, when can't play. Say "don't do that", ignore. 
[Tangibles] 
12 When upset, when doesn't want to go out, Distract, "back off', avoid going out, take hand 
new routines, demands. away saying "no" 
[Escape] 
15 Noises, when frustrated, when tired/hungry. Place in seclusion, smack, scream. 
[Sensory] 
16 No apparent reason, when has stomach Take hand out of mouth. 
problems, after meals [Sensory] 
17 Disrupted routine. Ignore, put in "time out" room, give cuddles and 
tickles 
[Escape] 
8.1.7. Naturalistic observations 
Figure 8.5 below shows the percentage duration of stereotypic behaviour (top left) and 
SIB (top right) shown by each child at the first school observation (i. e., time 1) and the 
mean percentage duration of demands (bottom left) and attention (bottom right) that they 
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Figure 8.5. Percentage duration of stereotypic behaviour (top left) and SIB (top right) shown by 
each case at time 1 and the mean percentage duration of demands (bottom left) and attention 
(bottom right) they received from their teachers. 
The figure shows that, contrary to expectations, some of the children (e. g., case 2) showed 
relatively high levels of SIB even at time 1. Figure 8.6 below shows the mean percentage 
duration of SIB and stereotypic behaviour observed at time I across children and the mean 
percentage duration of demands and attention they received from their teachers. 
School observations - time 1 
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The figure shows that SIB occurred at slightly higher levels than stereotypic behaviour 
even at time 1. The level of demands and attention the children received from their 
teachers was relatively low. 
8.1.8. Descriptive analysis 
As described in Chapter 7, a "conditional probability" method of analysis (based on the 
work of Lerman & Iwata, 1993) was employed in order to identify maintaining variables 
for stereotypic behaviour and/or SIB at time I and at subsequent follow-up observations 
for each child. In addition, for two of the cases, a new "non-nalised-and-pooled" method of 
analysis (see Appendix K and Chapter 7) was also adopted in order to cross-validate the 
conditional probability method and to determine whether or not distal events and/or the 
intermittent scheduling of events could be detected in the data. 
8.1-8-1. "Conditional probability" approach 
In the conditional probability approach, an event was considered an antecedent to a 
response if it occurred in the 10,1 -s intervals preceding a response. Likewise, an event 
was considered a consequent to a response if it occurred in the 10,1 -s intervals following 
a response. Conditional probabilities were therefore calculated for each environmental 
event (i. e., demands, attention, demand removal, attention removal and no interaction) 
preceding and following each response (i. e. stereotypic behaviour and SIB). In order to 
overcome the problem of chance, Yule's Q values for each conditional probability were 
calculated (see Chapter 7). Yule's Q values by category of response are presented below. 
8.1.8.1.1. Stereotypic behaviour 
Figures 8.7 to 8.10 show Yule's Q values for the conditional Probability of each 
environmental event preceding and following stereotypic behaviour calculated from the 
observational data collected at time 1. As described in Chapter 7, in order to aid 
interpretation of the data, for each child, the relevant antecedent/consequent comparisons 
of Yule's Q values for the three hypothesised functions (i. e., negative, positive and 
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Figure 8.7. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 for 
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Figure 8.8. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 for 
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Figure 8.9. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 for 
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Figure 8.10. Yule's Q values for the conditional probability of each environmental event 
preceding and following stereotypic behaviour calculated from the observational data collected at 
time 1 for cases 13 to 17. 
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Figures 8.7 to 8.10 show that for 7 children (i. e., cases 1,2,8,9,11,12 and 16) 
antecedent and consequent no interaction were both higher than would be expected by 
chance (i. e., Yule's Q values were both greater than the arbitrary cut-off point of 0.1). For 
these children then, an automatic reinforcement account for their stereotypic behaviour 
could be inferred. For 2 children (i. e., cases 6 and 10), no antecedent interaction (and/or 
antecedent demand removal and/or antecedent attention removal) and consequent 
attention (and/or consequent demands) were both higher than would be expected by 
chance. For these children then, a social-positive reinforcement account for their 
stereotypic behaviour could be inferred. For a further two children (i. e., cases 7 and 14), 
the data supported a social-positive reinforcement account and a negative-reinforcement 
account (i. e., in addition to the data supporting a social-positive reinforcement account, 
antecedent demands [and/or antecedent attention] and consequent demand removal 
[and/or consequent attention removal] were both higher than would be expected by 
chance). Finally, for 6 children (i. e., cases 3,4,5,13,15 and 17) maintaining variables 
could not be identified. Data for these cases were therefore considered "undifferentiated". 
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Figure 8.11. Summary of maintaining variables identified at time 1 for stereotypic behaviour using 




Figures 8.12 to 9.15 below show Yule's Q values for the conditional probability of each 
environmental event preceding and following SIB calculated from the observational data 
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Figure 8.12. Yule's Q values for the conditional probability of each environmental event 
preceding and following SIB calculated from the observational data collected at time 1 for child 
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Figure 8.13. Yule's Q values for the conditional probability of each environmental event 
preceding and following SIB calculated from the observational data collected at time 1 for child 
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Figure 8.14. Yule's Q values for the conditional probability of each environmental event 
preceding and following SIB calculated from the observational data collected at time 1 for child 
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Figure 8.15. Yule's Q values for the conditional probability of each environmental event 
preceding and following SIB calculated from the observational data collected at time 1 for child 
numbers 13 to 17. 
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Figures 8.12 to 8.15 show that for 5 children (i. e., cases 1,6,8,9 and 16) antecedent and 
consequent no interaction were both higher than would be expected by chance (i. e., Yule's 
Q values were both greater than the arbitrary cut-off point of 0.1). For these chIldren then, 
an automatic reinforcement account for their SIB could be inferred. For 5 children (i. e., 
cases 4,7,10,12 and 13), no antecedent interaction (and/or antecedent demand removal 
and/or antecedent attention removal) and consequent attention (and/or consequent 
demands) were both higher than would be expected by chance. For these children then, a 
social-positive reinforcement account for their SIB could be inferred. For a further 3 
children (i. e., cases 14,15 and 17), the data supported a social-positive reinforcement 
account and a negative-reinforcement account (i. e., in addition to the data supporting a 
social-positive reinforcement account, antecedent demands [and/or antecedent attention] 
and consequent demand removal [and/or consequent attention removal] were both higher 
than would be expected by chance). Finally, for 4 children (i. e., cases 2,3,5, and 11) 
maintaining variables could not be identified. Data for these cases were therefore 







E 7 P 
Z) 
C 8 A 
(D 
cn (a 9 
A 








Key: = negative reinforcement 
= positive reinforcement 
= automatic reinforcement 
= negative and positive reinforcement 
= Undifferentiated 
Figure 8.16. Summary of maintaining variables identified at time 1 for SIB using the conditional 
probability approach - cases. 
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Comparing Figures 8.11 and 8.16, the same maintaining variables were identified for both 
stereotypic behaviour and SIB in 6 children (i. e., cases 1,8,9,10,14, and 16). In 2 
children (i. e., cases 2 and 11), the analysis identified a maintaining variable for stereotypic 
behaviour but failed to identify a maintaining variable for SIB whilst for 4 children (i. e., 
cases 4,13,15 and 17), the analysis identified a maintaining variable for SIB but failed to 
identify a maintaining variable for stereotypic behaviour. For 2 children (i. e., cases 2 and 5) 
the analysis failed to identify a maintaining variable for either behaviour. 
By comparing Figure 8.16 to the MAS data shown in Table 8.2 above, it can be seen that 
the conditional probability analysis and the MAS identified the same variable maintaining 
SIB on 6 occasions (i. e., for cases 1,4,8,14,15 and 16). However, given that "tangible 
consequences" were not specifically addressed in the conditional probability analysis, it is 
perhaps unwise to directly compare the results of the conditional probability analysis to the 
results of the MAS. 
8.1.8.2. "Normalised and pooled" approach 
As described above and in Chapter 7, the "normalised-and-pooled" method of analysis was 
employed on the data collected for two of the children in order to cross-validate the results 
of the conditional probability approach. This was necessary because it was likely that 
"distal" events and/or intermittent schedules of reinforcement may have been present in the 
descriptive data, and these phenomena may not have been detected by the conditional 
probability analysis (c. f. Lennan & Iwata, 1993). In the nonnalised-and-pooled approach, 
antecedent and consequent periods vary in length, depending on the time available between 
occurrences of a response (see Chapter 7). For each response (i. e., stereotypic behaviour 
and SIB), the mean probability of each environmental event (i. e., demands, attention, 
demand removal, attention removal and no interaction) occurring at each percentile, 
preceding, during and following the response was calculated. 
8.1.8.2.1. Stereotypic behaviour 
Figure 8.17 shows plots of the mean probability of demands, attention, demand removal, 
attention removal and no interaction occurring at each percentile preceding, during and 
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Figure 8.17. Plots of the mean probability of demands, attention, demand removal, attention 
removal and no interaction" at each percentile preceding, during and following stereotypic 
behaviour calculated from the observational data collected at time 1 for cases 1 and 2. 
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Results 
Figure 8.18 shows the corresponding profile scores for the preceding and following 
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Figure 8.18. Profile scores calculated from the data shown in Figure 8.17. Scores are grouped 
according to behavioural function. 
Applying the criteria set out in Chapter 7 for the interpretation of these data, the data in 
Figure 8.18 shows that for child 1, the results were undifferentiated whilst for child 2, 
stereotypic behaviour appeared to be maintained by both social-positive and social- 
negative reinforcement. This contrasts with the conclusions drawn from the conditional- 
probability analysis above which identified automatic reinforcement as the maintaining 
variable for both children. 
8.1.8.2.2. SIB 
Figure 8.19 shows plots of the mean probability of demands, attention, demand removal, 
attention removal and no interaction occurring at each percentile preceding, during and 
following SIB for child I and 2. 
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Figure 8.19. Plots of the mean probability of demands, attention, demand removal, attention 
removal and no interaction at each percentile preceding, during and following 
SIB calculated 
from the observational data collected at time 1 for cases 1 and 2. 
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Figure 8.20 shows the corresponding profile scores for the preceding and following 
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Figure 8.20. Profile scores calculated from the data shown in Figure 8.19. Scores are grouped 
according to behavioural function. 
Again, applying the criteria set out in Chapter 7, the data in Figure 8.20 shows that for 
child 1, SIB appeared to be maintained by social-positive reinforcement. This contrasts 
with the conclusions drawn from the conditional-prob ability analysis above which 
identified automatic reinforcement as the maintaining variable. For child 2, Figure 8.20 
shows that the results appeared to be undifferentiated. This result was in agreement with 
the conditional probability analysis. 
8.1.9. Between-individual analysis 
15 measures were taken for each case at time I i. e., gender, age, developmental age, 
degree of ambulation, degree of sensory impairment, degree of autism (CARS), other 
problem behaviours (ABC), teacher concern about SIB JCS), teacher concern about 
stereotypic behaviour JCS), percentage duration of SIB, stereotypic behaviour, teacher 
demands, teacher attention, whether or not a maintaining variable could be identified for 
stereotypic behaviour (using the conditional probability approach) and whether or not a 
maintaining variable could be identified for SIB (using the conditional probability 
approach). These measures can be considered potential risk markers for the development 
of SIB. Table 8.6 shows their intercorrelations. 
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Results 
The table shows that there was a significant association between gender and 
developmental age (r = -0.56), indicating that males had lower developmental ages than 
females. There was also an association between gender and the percentage duration of SIB 
observed at time I (r = 0.50), indicating that females showed higher rates of SIB at time 1. 
There was a significant association between age and degree of sensory impairment (r =- 
0.55), indicating that younger individuals were more likely to have a sensory impairment. 
There was also an association between developmental age and degree of sensory 
impain-nent (r = -0.59), indicating that children with low developmental ages were also 
more likely to have a sensory impairment. Children with low developmental ages were less 
likely to receive demands from their teachers (r = -0.5 1). There was a significant 
association between degree of ambulation and developmental age (r = -0.78), indicating 
that non-ambulant individuals had lower developmental ages. Non-ambulant individuals 
were more likely to have low scores on the CARS (r = -0.76) and were more likely to have 
a sensory impairment (r = 0.85). Children with sensory impairments were also more likely 
to have low scores on the CARS (r = -0.56). 
From the observational data, there was a significant association between the level of 
teacher demands each child received at time I and the level of teacher attention (r = 0.63). 
Interestingly, boys were more likely to show SIB that had identifiable functional properties 
(r = -0.54) and individuals with low scores on the CARS were more likely to show 
stereotypic behaviour that had identifiable functional properties (r = -0.58). 
8.2. Control children 
From the screening procedure, 10 controls participated in the study (see Chapter 6). 
Demographic characteristics of the children are shown below in Table 8.7. 




Sex Age in 
years 
Developmental 
age in years' 
Motor involvement Diagnosis 
I M 11 0/12 4/12 Non-ambulant Cerebral palsy, epilepsy, vision deficit 
2 F 6'/12 5/ 12 Non-ambulant Cerebral palsy, epilepsy, autistic-like 
behaviour 
3 F 4'/12 16/ 12 Poor ambulation Epilepsy, autistic-like behaviour 
4 M 5 111/12 Ambulant Epilepsy 
5 F 108/12 12/ 12 Ambulant Autistic-like behaviour 
18/12 Poor ambulation Dystrophia myotonica, autistic-like 
behaviour 
7 F 410/12 4 Ambulant Autism 
8 F 29/12 
9/12 Non-ambulant Cerebral palsy 
9 F 7 7/ 12 
19/12 Poor ambulation Autistic-like behaviour 
10 M 6 
4/ 
12 
18/12 Ambulant Autism 
I adaptive behaviour composite of Vineland Adaptive Behavior Scales 
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3 of the controls were boys (ratio m: f = 0.4: 1). 3 of the controls were non-ambulant, 3 had 
poor arnbulation and 4 were ambulant. 3 of the controls had cerebral palsy and I had 
dystrophia myotonica. 2 children had a diagnosis of autism whilst 5 were considered to 
have "autistic-like" behaviour. 4 children suffered from epilepsy and I child had a vision 
deficit. The ratio of boys to girls was somewhat higher for the index group than for the 
controls (i. e., 8 of the matched index children were boys, whilst only 3 of the controls 
were boys). Whilst this would appear to suggest that gender may a potential risk marker 
for onset of SIB, the difference was not significant, p=0.07, Fisher's Exact Test. 
Cases were matched to controls on the basis of chronological age, degree of 
developmental disability and degree of ambulation (see Chapter 6). It was therefore to be 
expected that the controls would not differ from the matched cases on these variables. The 
mean age at screening of the matched index children (n = 10) was 
56/ 
12years (s. d. = 
24/12) 
and the mean age of the controls (n = 10) was 
56/ 
12years (s. d. = 
26/ 
12 years). The difference 
between the mean ages of the index children and the controls was not significant, t(9) 
0.15, p>0.05. The cases were therefore adequately matched to the controls on age. 
Matching for developmental age was achieved by teacher estimation at screening (see 
Chapter 6) and measures of developmental age on the Vineland Adaptive Behaviour Scales 
(Sparrow et al., 1984) suggested that the children were well matched: the mean 
developmental age of the matched index children was 13/ 12 years (s. d. =8 months) and that 
of the controls was 16/12years (s. d. = 12 months). The difference between the index 
children and controls on overall developmental age was not significant, t(9) =-1.06, p> 
0.05. The cases were therefore adequately matched to the controls on developmental age. 
As can be seen from Tables 8.1 and 8.7, each matched index child was also well matched 
for ambulation (100% agreement). The cases and controls were not matched, however, for 
sensory impairments or degree of autism. The controls appeared to have fewer sensory 
impairments than the matched cases (i. e., 4 of the matched cases had a vision and/or 
hearing deficit whilst only I control had a vision and/or hearing deficit). Whilst this would 
appear to suggest that children with sensory impairments may be at a greater risk for onset 
of SIB than those without sensory impairments (see Chapter 2), the difference was not 
significant, p=0.30, Fisher's Exact Test. 3 of the matched index children and 2 of the 
controls had a diagnosis of autism, 6 of the matched index children and 5 of the controls 
had a history of ear infections (otitis media), and 3 of the matched index children and 3 of 
the controls suffered from epilepsy. Again, these differences were not significant. 
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8.2.1 Vineland Adaptive Behaviour Scales 
Vineland Adaptive Behavior Composite age equivalent scores for each control child are 
given in Table 8.7 above. Figure 8.21 below shows the Vineland Adaptive Behavior Scales 
age equivalent mean scores broken down by domain. 
Vineland Adaptive Behavior Scales - 













Figure 8.21. Vineland Adaptive Behavior Scales mean age equivalent scores by domain - 
Controls. 
The lowest domain age equivalent score for the control group was "communication skills" 
followed by "socialisation skills". Table 8.8 below shows the mean Vineland domain scores 
for the matched cases (n = 10) and controls. T-tests to determine the significance of 
differences in means are also presented. 
Table 8.8. Mean Vineland domain scores for the matched cases and controls (standard deviation 
in parentheses). 
Domain Matched cases Controls t value, d. f. =9 
(n = 10) (n = 10) 
Socialization 0.92(0.51) 1.28(l. 14) -1.12 
Communication 1.02(0.46) 1.08(0.69) -0.36 
Daily living 1.50(0.78) 1.80(0.94) -1.27 
Motor 1.61 (1.29) 1.83 (1.57) -0.78 
The table shows that there were no significant differences between the groups on the 
Vineland domains. 
8.2.2 Childhood Autism Rating Scale 
Figwe 8.22 below shows the Childhood Autism Ratmg Scale total scores attained by each 
control child. 
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Figure 8.22. Childhood Autism Rating Scale scores - Control group. 
4 children were not placed in the autistic category (i. e., controls 1,2,3 and 6); 6 children 
were placed in the autistic category: [2 (i. e., controls 7, and 9) were classified "mild to 
moderate autism" and 4 (i. e., controls 4,5,8 and 10) were classified "severe autism"]. The 
mean total score for the control group was 33.0 (s. d. = 13.67). The mean total score for 
the matched cases was 33.2 (s. d. = 6.87). The difference between the matched cases and 
controls on the CARS total scores was not significant (t(9) = 0.06, p>0.05). 
8.2.3. Aberrant Behaviour Checklist 
Figure 8.23 below shows the Aberrant Behavior Checklist total scores for each control. 

















I control child (i. e. #5) attained a total score greater than 5 8. The mean total score for the 
control group was 29.6 (s. d. = 17.38). The mean total score for the matched cases was 
43.2 (s. d. = 25.12). The difference between the matched cases and controls on the ABC 
total scores was not significant (t(9) = 1.3 7, p>0.0 5). 
Figure 8.24 below shows the Aberrant Behavior Checklist mean scores broken down by 
sub-scale. 
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Figure 8.24. Aberrant Behavior Checklist scores by sub-scale - Control group. 
The figure shows that, for the controls, the "hyperactivity" sub-scale had the highest mean 
score. Given that the highest mean sub-scale score for the cases was the "stereotypic 
behaviour" sub-scale, this suggests that stereotypic behaviour may be a risk marker for the 
onset of SIB. Table 8.9 below shows the mean ABC domain scores for the matched cases 
(n = 10) and controls. T-tests to determine the significance of differences in means are also 
presented. 
Table 8.9. Mean ABC domain scores for the matched cases and controls (standard deviation in 
parentheses). 
Domain Matched cases 
(n = 10) 
Controls 
(n = 10) 
t value, d. f. =9 
Stereotypic behaviour 1.09(0.89) 0.39(0.56) 1.84 
Lethargy 0.81 (0.78) 0.39(0.49) 1.23 
Hyperactivity 0.74(0.52) 0.84(0.60) -0.44 
Irritability 0.63 (0.28) 0.44(0.28) 1.53 
Inappropriate speech 0.30(0.40) 0.15(0.17) 1.00 
The table shows that there were no significant differences between the mean scores 
attained by the matched index children (n = 10) and the controls on any of the ABC sub- 
scales. 
235 
Stereolypic Lethargy Hyperactivity Irritability In appro pri ate 
behavior speech 
Results 
8.2.4. Naturalistic observations 
Figure 8.25 below shows the percentage duration of stereotypic behaviour (top left) and 
SIB (top right) shown by each control child at school and the mean percentage duration of 























Figure 8.25. Percentage duration of stereotypic behaviour (top left) and SIB (top right) shown by 
each control child at time 1 and the mean percentage duration of demands (bottom left) and 
attention (bottom right) they received from their teachers. 
The figure shows that, although teachers had reported that the control children did not 
show SIB, some of the children did, in fact, show SIB (albeit at a low levels). Although it 
can be seen that control 2 showed relatively high levels of SIB, this level was still relatively 
low when compared to the initial level of SIB shown by case 2. 
Figure 8.26 below shows the mean percentage duration of SIB and stereotypic behaviour 
shown by the controls at school and the mean percentage duration of demands and 
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Figure 8.26. Mean percentage duration by behaviour category at time 1, control group. 
Table 8.10 below shows the mean percentage duration of each behaviour category 
recorded at time I for the matched cases (n = 10) and controls. T-tests to determine the 
significance of differences in means are also presented. 
Table 8.10. Mean percentage duration of each behaviour category recorded at time 1 for the 
matched cases and controls (standard deviation in parentheses). 
Behaviour category Matched cases 
(n = 10) 
Controls 
(n = 10) 
t value, d. f. =9 
SIB 7.00(9.50) 2.76(4.22) 2.12* 
Stereotypic behaviour 4.28(3.92) 4.43 (4.91) -0.07 
Demands 10.54 (5.97) 11.35 (9.38) -0.03 
_Attention 
13.34 (11.94) 10.17 (10.21) 0.61 
*p<0.05, one-tailed test 
The table shows that the difference between the mean percentage duration of SIB shown 
by the cases at time I was significantly higher than that shown by the controls, thus 
indicating that there was some integrity to the two groups. There were no significant 
differences between the groups on the other behaviour categories. 
8.3. Children with Lesch-Nyhan syndrome. 
As described in Chapter 6, three children diagnosed with Lesch-Nyhan syndrome also 
participated in the study. Demographic characteristics of the children are shown below in 
Table 8.11. 
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Table 8.11. Demographic characteristics of the children with Lesch-Nyhan syndrome. 
Child Sex Age in Developmental Motor involvement Diagnosis 
# years age in yearsl 
I M 15 /12 9/12 Non-ambulant Lesch-Nyhan syndrome 
2 M 2 6/ 12 6/ 12 Non-ambulant Lesch-Nyhan syndrome 
3 M 21/12 8/ 12 Non-ambulant Lesch-Nyhan syndrome, vision deficit 
1 adaptive behaviour composite of Vineland Adaptive Behavior Scales 
The mean age of the children was 2 years (s. d. ,,: 
5/ 
12 years). The mean developmental age of 
the children, attained on the Vineland Adaptive Behaviour Scales (Sparrow et al., 1984) 
was 8 months (s. d. =I month). All of the children were non-ambulant. I child had a 
suspected vision deficit. 
8.3.1. Vineland Adaptive Behaviour Scales 
Vineland Adaptive Behavior Composite age equivalent scores are given in Table 8.11 
above. Figure 8.27 below shows the mean age equivalent scores (in years) broken down by 
domain. 
Vineland Adaptive Behavior Scales - 













Figure 8.27. Vineland Adaptive Behavior Scales age equivalent mean scores by domain - children 
with Lesch-Nyhan syndrome. 
The figure shows that the adaptive skills of the children were evenly distributed across the 
domains (c. f. the cases). Not surprisingly, the motor skills of the children were relatively 
low. 
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8.3.2. Aberrant Behaviour Checklist 
The mean total score for the children on the Aberrant Behavior Checklist was 16 (s. d. = 
13.45). This score is relatively low compared to that obtained by the cases (i. e. 40.53, see 
Chapter 8), indicating that teachers did not consider the children's general behaviour to be 
a problem. Figure 8.28 below shows the Aberrant Behavior Checklist mean scores broken 
down by sub-scale. 
Aberrant Behavior Checklist - 












Figure 8.28. Aberrant Behavior Checklist scores by sub-scale - children with Lesch-Nyhan 
syndrome. 
The figure shows that the "iffitability" sub-scale had the highest mean score. Interestingly, 
this sub-scale also contains items relating to SIB (see Chapter 7). 
8.3.3. Teacher Concern Scale 
Table 8.12 below shows the Teacher Concern Scale scores attained by the children at time 
I by topography of SIB. 
Table 8.12. Teacher Concern Scale scores by topography of SIB - children with Lesch-Nyhan 
Syndrome. (Note: none of the children were rated as showing stereotypic behaviour) 
Child SIB 
no. 
2 Hand-biting (1), pulling hair (0) 
3 Hand-biting (1), self-scratching (1) 
The table shows that for child 2 and 3, hand-biting was rated as cause for "weak concemil. 
For child 1, SIB was rated as "not shown". 
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8.3.4. Motivation Assessment Scale 
Table 8.13 below shows the Motivation Assessment Scale mean scores by category of 
maintaining variable attained by the children. 
Table 8.13. Motivation Assessment Scale mean scores by category - children with Lesch-Nyhan Syndrome. 
MAS Category 
Child Sensory Escape Attention Tangible 
no. 
1 0.00 0.00 2.50 0.00 
2 1.00 0.00 0.00 0.00 
3 0.25 0.00 0.75 0.00 
The table shows that the most likely maintaining variable for SIB was "attention" for 2 of 
the children (i. e., child I and 3) and "sensory" for the other child (i. e., child 2). However, it 
can be seen that the mean scores were generally low (reflecting the low frequency of SIB 
overall shown by these children, see naturalistic observations below), so these data should 
be interpreted with caution. 
8.3.5. Parent Structured Interview 
Table 8.14 below shows the Parent Structured Interview data for each child. As before, 
(see above) the interview data has been broken down into four parts: factors concerning 
the onset of SIB, setting factors, current topography, frequency and intensity of SIB and 
parental responses to SIB. 
Table 8.14. Parent Structured Interview data - children with Lesch-Nyhan syndrome. 
# Onset of SIB Setting condition Topography of SE3 Parental response 
I Involuntarily scratched 1. accidental involuntary 1. Head-object -infrequent 1. verbal "no" 
eye with fingernail spasm. (involuntarily). 2. cuddled 
when II months. Had 
pulled his hair a few 
times when 12 months 
old. Had bitten finger 3 
times in the last month 
(but had not produced 
tissue damage). 
2. Lip-biting in previous 1. at night when ill or in 1. Lip biting- infrequent 1. gum shield to prevent 
year whilst in hospital. - discomfort Appeared to bite his lip only at biting (at night) 
later escalated in 2. when in awkward position night. Bottom lip now 2. verbal "no" and pull his 
frequency occurring in permanently damaged bottom lip away from his 
bursts particularly in the teeth. 
evening. 
3. Cheek-biting when 15 1. discomfort. 1. Cheek-biting - infrequent 1. mum and dad put fingers 
months old occurring 2. to indicate "no". Blood on pillow. Scars on inside in mouth 
mainly at night. Lip- of cheek and bottom lip 2. orthodontist used "plates" 
biting when 18 months in mouth but unsuccessful 
old when out shopping 3. teeth removed 




The data indicate that all 3 children had begun to show at least one form of SIB (i. e. either 
finger, lip or cheek biting) within the previous year. In all cases, the SIB appeared to be 
"accidental" or "involuntary" and occurred when the child was experiencing discomfort. 
Two of the children had produced tissue damage as a result of the SIB. Parents responded 
to the SIB either by trying to prevent the SIB or cuddling the child. Two of the children 
had worn or were currently wearing gum shields. One child had his teeth removed in order 
to prevent further SIB occurring. 
8.3-6. Naturalistic observations 
Figure 8.29 below shows the percentage duration of stereotypic behaviour (top left) and 
SIB (top right) shown by each child at the first school/nursery observation (i. e., time 1) 
and the mean percentage duration of demands (bottom left) and attention (bottom right) 
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Figure 8.29. Percentage duration of stereotypic behaviour (top left) and SIB (top right) shown by 
each child with Lesch-Nyhan syndrome at time 1 and the percentage duration of demands 
(bottom left) and attention (bottom right) they received from their teachers. 
The figure shows that, all 3 children showed extremely low levels of stereotypic behaviour 
and SIB at time 1. Child 2 received the highest level of attention from his teachers 





SIB and stereotypic behaviour observed at time I across children and the mean percentage 
duration of demands and attention they received from their teachers. 
School observations -time 1 










Figure 8.30. Mean percentage duration by behaviour category at time 1, children with Lesch- 
Nyhan syndrome. 
The figure shows that SIB occurred at slightly higher levels than stereotypic behaviour. In 
contrast to the children in the index group, the level of demands and attention the children 
with Lesch-Nyhan syndrome received from their teachers was relatively high. 
8.3.6.1. Descriptive analysis 
8.3.6.1.1. Stereotypic behaviour 
Figure 8.31 below shows the Yule's Q values for the conditional probability of each 
environmental event (i. e., demands, attention, demand removal, attention removal and no 
interaction) preceding and following stereotypic behaviour conducted on the observational 
data at time I for children 2 and 3 with Lesch-Nyhan syndrome. (Insufficient data were 
available for analysis for child 1). In order to aid interpretation of the data, for each child, 
the relevant antecedent/consequent comparisons of Yule's Q values for the three 
hypothesised functions (i. e., negative, positive and automatic reinforcement) are shown. 
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Figure 8.31. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 
forthe children with Lesch-Nyhan syndrome. For child 1, insufficient data were available for 
analysis. 
The figure shows that for child 2, antecedent attention removal (and antecedent demand 
removal) and consequent demands were both higher than would be expected by chance 
(i. e., Yule's Q values were greater than the arbitrary cut-off point of 0.1). For this child 
then, a social-positive reinforcement account for his stereotypic behaviour could be 
inferred. For child 3, antecedent and consequent no interaction were both higher than 
would be expected by chance. For this child then, an automatic reinforcement account for 
his stereotypic behaviour could be inferred. 
8.3.6.2. SIB 
Figure 8.32 below shows the Yule's Q value for the conditional probability of each 
environmental event preceding and following SIB conducted on the observational data at 
time I for the children with Lesch-Nyhan syndrome. 
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Figure 8.32. Yule's Q values for the conditional probability of each environmental event preceding 
and following SIB calculated from the observational data collected at time 1 for the children with 
Lesch-Nyhan syndrome. 
The figure shows that for all 3 children, antecedent and consequent no interaction were 
both higher than would be expected by chance (i. e., Yule's Q values were greater than the 
arbitrary cut-off point of 0.1). For all children with Lesch-Nyhan syndrome then, an 
automatic reinforcement account for their SIB could be inferred. 
Using the conditional probability approach then, the same variables maintaining both 
stereotypic behaviour and SIB were identified for one child (i. e., child 3). By comparing 
the results of the descriptive analysis to that of the MAS results shown in Table 8.13 
above, it can be seen that the descriptive analysis and the MAS identified the same variable 
maintaining SIB on only one occasion (i. e., automatic reinforcement for child 2). 
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Chapter 9 
Results - Follow-up assessments. 
As described in Chapter 7, the index group of children and the children with Lesch-Nyhan 
syndrome were followed-up over time. 
9.1. Index group 
Figure 9.1 shows the percentage duration of stereotypic behaviour (open circles) and SIB 
(filled circles) observed at time I and at subsequent follow-up observations at school for 
each case. [Case 17 was excluded from the analysis due to insufficient follow-up 
observational data being available, see Chapter 7]. 
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Figure 9.1. Percentage duration of stereotypic behaviour (open circles) and SIB (filled circles) 
shown by the cases (N = 16) at each follow-up observation at school. Note different scales. 
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The data shows that there were large differences between the cases both in terms of the 
initial level of stereotypic behaviour and SIB observed, and in the rate of change of 
stereotypic behaviour and SIB observed over subsequent follow-up observations. 2 of the 
cases (i. e., cases 2 and 16) showed relatively high levels of SIB at the beginning of the 
study. Figure 9.2 shows the corresponding percentage duration of demands (filled circles) 
and attention (open circles) that each case received. 
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Figure 9.2. Percentage duration of demands (filled circles) and attention (open circles) received 
by the cases (n = 16) at each follow-up observation at school. Note different scales. 
It can be seen that the percentage duration of attention and demands each child received 
also varied between individuals somewhat but on the whole remained relatively stable 
across follow-up observations. 
246 
Results 
9.1 A. Within-individual analysis 
Given that some of the children were followed-up for differing lengths of time and that 
there were often unequal periods between measurement occasions due to scheduling 
constraints (see Chapter 7), in order to accurately describe change in stereotypic 
behaviour, SIB, attention and demands over time for the index children, a linear growth 
model was adopted. 












































Figure 9.3. Fitted regression lines for each individuals data by behaviour category. 
As described in Chapter 7, the slope of the fitted regression line between the values of a 
dependent variable and follow-up time can be used as a measure of change over time. 
Table 9.1 below shows the estimated slope parameters, p I, -, of the regression lines and 
associated standard errors for each case by behaviour category (see Chapter 7). 
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Table 9.1. Regression slope parameters and standard errors (in parentheses) for each case by 
behaviour category. 
SIB Stereotypic Demands Attention 
behaviour 
Case (s. e. ) pI (s. e. ) (s. e. ) (s. e. ) 
1 1.10 (. 20)* -. 07(. 19) -. 17(. 26) . 
03(. 21) 
2 
. 59(. 93) -. 45(. 68) . 
86 (. 23)* . 63 (. 23)* 
3 -. 09(. 20) -. 03(. 06) -. 19(. 24) . 27(. 15) 
4 
. 24 (. 07)* -. 08(. 37) -. 18(. 
25) -. 57(. 28) 
5 
. 36 (. 12)* . 
04(. 14) -. 45(. 34) -. 23(. 27) 
6 
. 06(. 05) . 
02(. 02) -. 11 (. 18) -. 11 (. 09) 
7 
. 19(. 26) . 05(. 
06) . 11 (. 
08) 
. 01 (. 12) 
8 1.00(. 75) -. 03(. 05) -. 72(. 48) -1.04(. 52) 
9 -. 43(. 23) -. 18(. 15) -. 22(. 27) -1.00(. 40) 
10 . 13(. 06) -. 10(. 03) -. 15(. 20) -. 06(. 05) 
11 . 
02(. 02) 
. 13(. 08) . 45(. 21) . 
02(. 15) 
12 . 11 (. 
04) * 
. 
07(. 08) -. 09(. 25) . 
06(. 09) 
13 -. 04(. 04) -. 70 (. 11)* -. 11 (. 45) -. 40(. 32) 
14 . 18(. 13) . 13 (. 12) . 
21 (1.24) -. 23(. 54) 
15 . 
03(. 17) . 14(. 15) . 43(. 
52) . 36(. 
63) 
16 -. 61 (. 39) . 63(. 36) -. 
32(. 30) -. 63(. 30) 
*<0.05 
From the data in Table 9.1,12 of the cases (i. e., cases 1,2,4,5,6,7,8,10,11,12,14 and 
15) had positive regression slopes for SIB, indicating that SIB had increased (to varying 
degrees) over the follow-up observations, with four of the children (i. e., cases, 1,4,5 and 
12) having significant (positive) non-zero slopes. 8 of the cases (i. e., cases 1,2,3,4,8,9, 
10 and 13) had negative regression slopes for stereotypic behaviour with one child having 
a significant (negative) non-zero slope (i. e., case 13). 1 child (i. e. case 2) had significant 
(positive) non-zero slopes for the attention and demands categories. The mean estimated 
monthly rate of change (i. e., the mean of the beta coefficients across subjects) was 0.18% 
for SIB, -0.07% for stereotypic behaviour, -0.04% for demands and -0.18% for attention, 
indicating that, although change over time was relatively slow, as a group stereotypic 
behaviour appeared to decline in frequency as SIB increased in frequency. Most of the 
growth rates were precisely estimated (i. e., the standard errors of the regression slopes 
were less than 1), indicating that the linear model fitted the data well. 
Table 9.2 below shows the correlations obtained between the estimated slope parameters 
shown in Table 9.1 above for each case by behaviour category. 
Table 9.2. Correlations between the estimated slope parameters for each case by behaviour 
category. 
SIB Stereotypic Demands Attention 
SIB - 
Stereotypic -0.33 - 
Demands -0.05 -0.45 - 




The table shows that there were negative associations between change in SIB and change 
in stereotypic behaviour (r = -0-33), change in stereotypic behaviour and change in 
demands (r = -0.45) and change in stereotypic behaviour and change in attention (r 
0.30). There was a significant positive association between change in demands and change 
in attention (r = 0.73). 
9.1.2. Between-individual analysis 
In order to determine the relative importance of particular risk markers with overall change 
in SIB and stereotypic behaviour, the regression slope parameters for SIB and stereotypic 
behaviour (see Table 9.1) were regressed against values for a particular marker using 
weighted least squares as described in Chapter 7. Ideally, this should be done using 
multiple regression (to enable interactions between risk markers to be assessed). However, 
because the numbers of cases involved were too small, individual regression analyses were 
conducted. Table 9.3 below shows the results of the between-individual analysis for 
change in SIB and change in stereotypic behaviour as the dependent variable. 
Table 9.3. Correlations between slope parameters for SIB and stereotypic behaviour (ST) and 15 
covariates measured at time 1- 
Covariate (time 1) Change in Change in 
SIB ST 
Gender -0.38 -0.22 
Age -0.19 0.01 
Developmental Age 0.05 0.23 
Ambulation. 0.24 0.00 
Sensory Impairment 0.35 0.14 
CARS -0.23 -0.12 
ABC 0.03 0.16 
SIB (%) -0.17 -0.17 
Stereotypy -0.09 -0.68* 
Demands -0.02 -0.20 
Attention -0.18 -0.10 
Concern score (SIB) 0.53* 0.09 
Concern score (ST) 0.07 -0.14 
Function identified (SIB) -0.06 0.29 
Function identified (ST) 0.12 0.09 
< 0.05 
The table shows that there was a significant association between degree of concern about 
SIB at time I and subsequent change in SIB (r = 0.53), suggesting that concern about SIB 
may be an important risk marker for the development of SIB. There was also a significant 
negative association (r = -0.68) between the percentage duration of stereotypic behaviour 
observed at time I and subsequent change in stereotypic behaviour. 
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9.1.3. Descriptive analysis 
9.1.3.1. Conditional probability approach 
9.1-3.1.1. Stereotypic behaviour 
Figures 9.4 to 9.7 below show Yule's Q values for the conditional probability of each 
environmental event preceding and following stereotypic behaviour calculated at time I 
and across follow-up observations. As before, on the basis of the criteria set out in Chapter 
7, maintaining variables for stereotypic behaviour (i. e., either negative and/or positive 
and/or automatic reinforcement) were assigned for each case at each observation. Figure 
9.8 below is a graphical representation of these data. 
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Figure 9.8. Summary of the maintaining variables identified for stereotypic behaviour at each 
follow-up for each case using the conditional probability approach. Note: maintaining variables for 
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Figure 9.4. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 and 
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Figure 9.5. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 and 
at subsequent follow-up observations for child numbers 5 to 9. Note: Insufficient data was 
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Figure 9.6. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 and 
at subsequent follow-up observations for child numbers 10 to 13. 
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Figure 9.7. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 and 
at subsequent follow-up observations for child numbers 14 to 16. 
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Results 
Automatic reinforcement was identified as a maintaining variable for stereotypic behaviour 
on 34% of the follow-up observations conducted. Negative and positive reinforcement was 
identified on 16% of the follow-ups, positive reinforcement was identified on 15% of the 
follow-ups, negative reinforcement was identified on 3% of the follow-ups and positive 
and automatic reinforcement was identified on 1% of the follow-ups across children. The 
conditional probability analysis failed to identify a specific maintaining variable for 
stereotypic behaviour on 31% of the follow-ups conducted. 
Specific variables maintaining stereotypic behaviour differed widely both within and 
between children. However, certain patterns were apparent for some of the children. For 
instance, for cases 1,2,9,11 and 16, stereotypic behaviour appeared to be maintained 
predominantly by automatic reinforcement across the observations. However, social 
variables were also identified on some occasions (i. e., at the 3rd observation for child 1, at 
the last observation for child 2, at the 2nd and 3rd observations for child 9 and at the fifth 
and last observation for child 11). For cases 6 and 7, stereotypic behaviour appeared to be 
maintained predominantly by either negative and/or positive reinforcement. However, for 
case 7, the data appeared undifferentiated at the last observation. Similarly, for cases 10 
and 14, although maintaining variables for stereotypic behaviour could were identified at 
the beginning of the study, on subsequent observations the data became undifferentiated. 
However, for cases 4 and 5, the data appeared undifferentiated at the beginning of the 
study, but subsequently, stereotypic behaviour appeared to be maintained by either 
automatic reinforcement or positive reinforcement. For these children then, stereotypic 
behaviour appeared to have acquired functional properties over the course of the study. 
9.1.3.1.2. SIB 
Figures 9.9 to 9.12 below show Yule's Q values for the conditional probability of each 
environmental event (i. e., demands, attention, demand removal, attention removal and no 
interaction) preceding and following SIB calculated from the observational data collected 
at time I and at subsequent follow-up observations. 
As before, in order to aid interpretation of the data, for each child, the relevant 
antecedent/consequent comparisons of Yule's Q values for the three hypothesised 
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Figure 9.9. Yule's Q values for the conditional probability of each environmental event preceding 
and following SIB calculated from the observational data collected at time 1 and at subsequent 
follow-up observations for child numbers 1 to 4. 
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Figure 9.10. Yule's Q values for the conditional probability of each environmental event preceding 
and following SIB calculated from the observational data collected at time 1 and at subsequent 
follow-up observations for child numbers 5 to 8. 
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Figure 9.11. Yule's Q values for the conditional probability of each environmental event preceding 
and following SIB calculated from the observational data collected at time 1 and at subsequent 
follow-up observations for child numbers 9 to 12. 
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Figure 9.12. Yule's Q values for the conditional probability of each environmental event preceding 
and following SIB calculated from the observational data collected at time 1 and at subsequent 
follow-up observations for child numbers 13 to 16. 
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Results 
Again, adopting the criteria set out in Chapter 7, maintaining variables for SIB were 
assigned for each case for each follow-up. Figure 9.13 below is a graphical representation 
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Figure 9.13. Summary of the maintaining variables identified for SIB at each follow-up for each 
case using the conditional probability approach -cases. 
Automatic reinforcement was identified as a maintaining variable for SIB on 22% of the 
follow-up observations conducted. Positive reinforcement was identified on 22% of the 
follow-ups, negative and positive reinforcement was identified on 21% of the follow-ups, 
and negative reinforcement was identified on 4% of the follow-ups across children. The 
conditional probability analysis failed to identify a specific maintaining variable for SIB on 
33% of the follow-ups conducted. These percentages were roughly equivalent to those 
obtained for stereotypic behaviour above. As for stereotypic behaviour, specific variables 
maintaining SIB differed widely both within and between children. Again however, certain 
patterns were apparent for some of the children. For instance, for case 2, a maintaining 
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variable could not be identified at the first observation but, subsequently, SIB appeared to 
be maintained by positive reinforcement. Similarly, for case 5, a maintaining variable could 
not be identified on the first 2 occasions but on subsequent occasions, SIB appeared to 
have acquired an automatic reinforcement function. For case 10, SIB was maintained by 
positive reinforcement at time I and then appeared to have acquired an additional function 
(negative reinforcement) on subsequent occasions. 
9.1.3.2. Normalised and pooled approach 
9.1.3.2.1. Stereotypic behaviour 
Profiles of the probability of each environmental event (i. e., demands, attention, demand 
removal, attention removal and no interaction) preceding and following stereotypic 
behaviour at time I and at subsequent follow-up observations for cases I and 2 are shown 
in Figures 9.14 and 9.15. Figure 9.16 below shows the corresponding profile scores. As 
before, in order to aid interpretation of the data, for each child, the relevant 
antecedent/consequent comparisons of profile scores for the three hypothesised functions 
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Figure 9.16. Profile scores for the probability of each environmental event preceding and following 
stereotypic behaviour calculated from the observational data collected at time 1 and at 
subsequent follow-up observations for cases 1 and 2. 
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As for the conditional probability analysis above, maintaining variables for stereotypic 
behaviour were assigned for each case at each observation on the basis of the criteria set 
out in Chapter 7. Figure 9.17 below is a graphical representation of these data. 
Stereotypic Behaviour 
C) 2 P1 ri-ri ri ri 
0123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Key: I-P-1 = positive reinforcement 
Iii-P-1 
= negative and positive reinforcement 
Fýl = undifferentiated 
Follow-up Months 
Figure 9.17. Summary of the maintaining variables identified for stereotypic behaviour at each 
follow-up for each case using the normalised and pooled approach. 
The figure shows that for child 1, the normalised and pooled analysis failed to identify a 
maintaining variable for stereotypic behaviour and for child 2, identified maintaining 
variables on only 2 occasions (i. e., at time I and at the third observation). This contrasts 
with the results of the conditional probability analysis where for both children, automatic 
reinforcement was identified as maintaining stereotypic behaviour on the majority of 
occasions. 
9.1.3.2.2. SIB 
Profiles of the probability of each environmental event preceding and following SIB at 
time I and at subsequent follow-up observations for cases I and 2 are shown in Figures 
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Figure 9.20. Profile scores for the probability of each environmental event preceding and following 
SIB calculated from the observational data collected at time 1 and at subsequent follow-up 
observations for child numbers 1 and 2. 
Again, adopting the criteria set out in Chapter 7, maintaining variables for SIB were 
assigned for each case at each follow-up. Figure 9.21 below is a graphical representation 
of these data. 
SIB 
2 [1 ri ri-ri ri ri 
0123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Key: I-P-1 = positive reinforcement 
FN ]= 
negatiw reinforcement 
FT-1 - undifferentiated 
Follow-up Months 
Figure 9.21. Summary of the maintaining variables identified for SIB at each follow-up for each 
case using the normalised and pooled approach. 
The figure shows that for child 1, the normalised and pooled analysis identified 
maintaining variables for SIB on 3 occasions (i. e., positive reinforcement at observations 
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I and 6 and negative reinforcement at observation 7). This result was inconsistent with 
the results of the conditional probability analysis where automatic reinforcement was 
identified as a maintaining variable at observations 1,5 and 7 and positive reinforcement 
was identified at observation 4. For child 2, whilst a maintaining variable could not be 
identified at time 1, SIB subsequently appeared to acquire a social function (i. e. positive 
reinforcement). This result was more consistent with the results of the conditional 
probability analysis where positive reinforcement was also identified at observations 5 
and 6 for this child. 
In order to assess the extent to which the results of the normalised and pooled method 
were concordant with the results of conditional probability analysis, agreement was 
calculated by dividing the number of exact agreements (i. e. agreements on maintaining 
variable identified at each observation for each response for each child) by the number of 
agreements plus disagreements. Based on this calculation, agreement was 0.32. Most 
disagreements tended to occur when the normalised and pooled method had failed to 
identify a maintaining variable and the conditional probability method had identified 
automatic reinforcement as the maintaining variable. This would tend to suggest either 
that the conditional probability method "over-specified" automatic reinforcement as a 
maintaining variable (possibly due to the antecedent and consequent periods being too 
short i. e., 10,1 -s intervals, see Chapter 7) or that the normalised and pooled method was 
not able to detect automatic reinforcement (possibly due to the antecedent and consequent 
periods being too long). Either way, the poor agreement between the methods indicates 
that further research is needed to address the relative strengths and weaknesses of both 
methods. 
9.2. Children with Lesch-Nyhan syndrome 
Figure 9.22 below shows the percentage duration of SIB and stereotypic behaviour 
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Figure 9.22. Percentage duration of SIB (filled circles) and stereotypic behaviour (open circles) 
shown by each child with Lesch-Nyhan syndrome at each follow-up observation at 
school/nursery. 
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The data shows that all three children showed very low levels of SIB and stereotypic 
behaviour across the follow-up observations (i. e., they occurred less than 3% of the time). 
Figure 9.23 below shows the percentage duration of demands and attention that the 
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Figure 9.23. Percentage duration of demands (filled circles) and attention (open circles) received 
by the children with Lesch-Nyhan syndrome at each follow-up observation at school/nursery. 
It can be seen from the figure that the children with Lesch-Nyhan syndrome received 
relatively high amounts of attention and demands across the follow-up observations. This 
is particularly the case for child 2. These data can be contrasted with those obtained for the 
index children where the levels of interaction were generally much lower (i. e. less than 
40%, see above). 
9.2.1. With i n-i nclividual analysis 
As before, the rate of change over time for each behaviour category was determined by 
fitting linear regression lines to each individual's data using Ordinary Least Squares (OLS) 
(see Chapter 7). Figure 9.24 below shows the fitted regression lines for each individual's 









































Figure 9.24. Fitted regression lines for each individuals data by behaviour category - Children with 
Lesch-Nyhan syndrome. 
Table 9.4 below shows the estimated slope parameters, p I, -, of the regression lines and 
associated standard errors for each child by behaviour category (see Chapter 7). 
Table 9.4. Regression slope parameters and standard errors (given in parentheses) for each child 
by behaviour category - Children with Lesch-Nyhan syndrome. 
SIB Stereotypic Demands Attention 
behaviour 
Child p (s. e. ) pI (s. e. ) Pi (s. e. ) p 11 (s. e. ) 
1 . 01 (. 04) . 00(. 00) 1.07 (. 58) . 43 (. 
33) 
2 . 06(. 04) -. 10(. 10) -1.09(. 37) -1.95 
(1.27) 
3 -. 05 (. 03) . 00(. 02) 
2.80(l. 00) . 16(. 
41) 
Two of the children (i. e. cases I and 2) had positive regression slopes for SIB, indicating 
that SIB had increased (to varying degrees) over the follow-up observations. None of the 
regression slopes were significantly different from zero however. The mean estimated 
monthly rate of change was 0.01% for SIB, -0.03% for stereotypic behaviour, 0.93% for 
demands and -0.45% for attention, indicating that, as a group, change over time was 
relatively slow. Most of the growth rates were precisely estimated (i. e., standard errors 
were less than 1), indicating that the linear model fitted the data fairly well. 
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9.2-2. Descriptive analysis 
Maintaining variables for stereotypic behaviour and SIB at each follow-up observation 
were identified using the conditional probability approach. 
9.2.2.1. Stereotypic behaviour 
Figure 9.25 below shows Yule's Q values for the conditional probability of each 
environmental event (i. e., demands, attention, demand removal, attention removal and no 
interaction) preceding and following stereotypic behaviour calculated from the 
observational data collected at time I and at subsequent follow-up observations for the 
children with Lesch-Nyhan syndrome. As before, in order to aid interpretation of the data, 
for each child, the relevant antecedent/consequent comparisons of Yule's Q values for the 
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Figure 9.25. Yule's Q values for the conditional probability of each environmental event preceding 
and following stereotypic behaviour calculated from the observational data collected at time 1 and 
at subsequent follow-up observations for the children with Lesch-Nyhan syndrome. 
Note: Insufficient data were available for child 1. 
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Results 
On the basis of the criteria set out in Chapter 7, maintaining variables for stereotypic 
behaviour (i. e., either negative reinforcement and/or positive reinforcement and/or 
automatic) were assigned for each child at each observation. Figure 9.26 below is a 
graphical representation of these data. 
Stereotypic Behaviour 
to 1 L_J L _J 
rl 3 L J LIi1 _ C. ) 
0123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Key: F-N] = negative reinforcement 
FPI 
= positive reinforcement 
F-A ]= 
automatic reinforcement 
FW PI = negative and positive reinforcement 
F-? ] = 
Undifferentiated 
Follow-up Months 
Figure 9.26. Summary of the maintaining variables identified for stereotypic behaviour at each 
follow-up for each child with Lesch-Nyhan syndrome. Note: maintaining variables for child 1 could 
not be identified due to insufficient data on stereotypic behaviour being available. 
The figure shows that for child 2, whilst stereotypic behaviour was maintained by positive 
reinforcement at observation 1, the behaviour then appeared to acquire an additional social 
function (i. e, negative reinforcement) at observations 2,3 and 4. A maintaining variable 
could not be identified at observation 5 for this child however. For child 3, whilst 
stereotypic behaviour was maintained by automatic reinforcement at observation 1, a 
variable could not be identified at observations 2 and 3. However, automatic reinforcement 
could again be identified at observations 4 and 5. 
9.2.2.2. SIB 
Figure 9.27 below shows Yule's Q values for the conditional probability of each 
environmental event preceding and following SIB at time I and at subsequent follow-up 
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Figure 9.27. Yule's Q values for the conditional probability of each environmental event preceding 
and following SIB calculated from the observational data collected at time 1 and at subsequent 
follow-up observations for the children with Lesch-Nyhan syndrome. 
Again, adopting the criteria set out in Chapter 7, maintaining variables for SIB were 
assigned for each case for each follow-up. Figure 9.28 below is a graphical representation 
of these data. 
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Figure 9.28. Summary of the maintaining variables identified for SIB at each follow-up for each 
child with Lesch-Nyhan syndrome. 
The figure shows that SIB was maintained by automatic reinforcement on 5 occasions for 
child 1, on 3 occasions for child 2, and on 3 occasions for child 3. Interestingly however, 
for child 1, SIB appeared to be maintained by positive reinforcement at observation 5; for 
child 2, SIB appeared to be maintained by negative and positive reinforcement at 
observations 2 and 3; and for child 3, SIB appeared to be maintained by negative 
reinforcement at observation 5. These data suggested that although SIB shown by children 
with Lesch-Nyhan syndrome may indeed have an organic origin, on occasions, SIB may 
also appear to have a social function. This finding lends support to the work of Anderson 





It is clear from surveys of individuals with developmental disabilities that self-injurious 
behaviour can become a significant and intransigent problem for some children. Precisely 
why this is so has not (until now) been the subject of detailed investigation. In this study, 3 
groups of children were studied in order to trace the early development of SIB, to 
determine the factors associated with the onset of SIB and to document the early 
environmental determinants of SIB. An index group consisting of 17 children with severe 
developmental disabilities and/or autism who had recently started to show forms of 
behaviour having the potential to cause self-injury was studied. A comparison group of 10 
children not showing these forms of behaviour but having similar background 
characteristics was also studied in order to identify additional risk markers associated with 
the onset of SIB. Finally, a "high risk" group consisting of 3 children aged under 3 years 
recently diagnosed with Lesch-Nyhan syndrome was also studied in order to compare the 
SIB shown by these children with that shown by children with developmental disabilities 
and/or autism. 
From the results of the screening (see Chapter 6), the prevalence of SIB in schools for 
children with severe developmental disabilities and/or autism was found to be 25%, 
somewhat higher than that reported in previous published research. However, given that a 
broad definition of SIB was adopted to identify those children who had just started to 
show SIB (i. e., teachers were asked to include children whose topography of SIB did not 
cause tissue damage), this figure was not unexpected. The most prevalent form of SIB in 
schools was found to be "self-biting" with the majority of children showing only one form 
of SIB. This supported previous published research, lending some support to the validity 
of the screening interview. 
The incidence rate for behaviours considered topographically equivalent to self-injury was 
estimated to be 3% (i. e. 19 out of a total of 614 children screened had started showing 
SIB-type topographies in the last 3 months). It appeared that about 12% of those 152 
children who showed any self-injury in this group of children (i. e. 19 out of 152) had 
started within the last 3 months, according to their teachers. However, from interviews 
with the children's parents, it appeared that SIB had been occurring at home for longer 
than 3 months. Whether this was because the children's behaviour had been different at 
home from at school or whether the children's parents were more observant than the 
teachers, or both, could not be determined. The topographies of the behaviours shown by 
the children, identified by the teachers at screening, were most commonly hand biting (6 of 
17), hand-to-head hitting (5 of 17) and head-to-object banging (3 of 17); two children (of 
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17) showed hair-pulling, two body hitting, one self-scratching and one showed eye-poking; 
3 of the 17 showed more than one topography. These topographies are comparable to 
those found in other studies of SIB (e. g. Oliver et al., 1987). 
At the time of screening, teachers were asked to identify a child (in the same class as each 
index child), who was similar to the index child in terms of age and ability but who did not 
show SIB. Cases were matched to controls on the basis of age and ability because these 
risk markers were already fairly well established in the literature. The developmental and 
other data suggested that this matching was closely achieved. Had a comparison child just 
been selected at random within each class, it would have been likely that the control group 
would have differed from the index group in age and ability, thus preventing the 
identification of additional risk markers. However, teachers found it extremely difficult to 
match some of the children on age and ability since those selected often also showed SIB. 
Moreover, although the control group differed from the index group to some degree in 
gender (more boys in the index group), sensory deficits (more common in the index group) 
and other behaviour problems (higher on average in the index group), these differences 
were not statistically significant. The two groups also did not differ in degree of autism 
(according to their scores on the CARS). These findings may seem to suggest that these 
characteristics (gender, sensory deficits, the presence of other behaviour problems and 
degree of autism) are therefore insufficient to adequately identify which children under 10 
years with severe disabilities will show the early stages of SIB. However, it could also be 
argued that the combination of severe degree of disability and young age were sufficient to 
identify a very high risk group for showing self-injurious topographies because it was 
difficult for teachers to find similar children in the classrooms who did not already show 
some self-injury and observational data in the classroom indicated that the children in the 
control group, selected by teachers as showing no self-injurious topographies, did actually 
show some of these behaviours, though at a lower rate than the children in the index 
group. Indeed, the mean level of SIB shown by the control children was higher than 
expected mainly due to the influence of one child who showed SIB at a relatively high rate 
(i. e. 14% of the time). However, given that the corresponding matched case showed SIB 
at a much higher rate (i. e., 32% of the time), for the purposes of the study, this child can 
still be considered a suitable control. Interestingly, of the two control children who showed 
no SIB during the observations, both showed zero levels of stereotypic behaviour, 
suggesting that the presence of stereotypic behaviour may be a necessary condition for 
SIB to appear. However, given the small numbers of children involved in this study, any 
conclusions drawn about the origins of SIB must be considered, at best, tentative. It 
appears therefore that a prospective study of SIB may well be needed to identify factors 
relating to the origins of SIB more reliably (see Chapter 6). 
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Over the last 30 years, a number of theories have been proposed to explain the process by 
which SIB emerges in the young child's repertoire. For instance, it has been suggested that 
the behaviour may develop from stereotyped behaviours, from respondent behaviour, as a 
side-effect of minor illness, or from biological factors (see Chapter 3). In the past, there 
have been very few studies which have been able to shed light on the actual mechanism, 
however, largely because the behaviour seems to exist for many years before individuals 
appear in treatment clinics. In this study, children were included if their teachers reported 
that their self-in ury had only appeared at school in the previous three months, so it was 
possible to obtain a view of the emergence of the behaviour from the children's parents 
which was less liable to be distorted by the passage of time than in previous reports. 
For the 17 children in the study, it seemed that an illness could be identified by the parents 
as present at the time of the first appearance of self-injury in six children (cases 1,3,7,9, 
11 & 15). However, the connections between the illness and the self-injury were very 
rarely straight-forward: for some children the minor illness had led to a clearly connected 
topography (e. g. eczema on the face led to face scratching in case 11; a rash on the wrist 
led to wrist-rubbing in case 3) but these topographies had now disappeared and the current 
behaviours seemed unrelated topographically (hand-to-head hitting in case 11; hand-biting 
and hair pulling in case 3); for others, the minor illness had no very obvious relationship to 
the topography of SIB (ear infections in case 7& 15 apparently being associated with head 
banging in each case, though child 7 now showed a different topography). It is difficult to 
be sure however, whether these were coincidental in the above children or causal: no more 
index children than control children had suffered from ear infections, for example. 
In another 6 children (cases 2,4,8,9,12,16), stereotypies appeared to precede the SIB. 
Again, however, the links between the two behaviours were unclear. For example, child 4 
showed head hitting but his stereotypies had included rocking and hand clapping; child 9 
showed hand-to-body hitting but had shown head-rolling earlier on; child 12 engaged in 
hand-biting and hand-to-head hitting but previous stereotypies included body rocking, 
head shaking and eye rolling. It could be argued that young children with developmental 
delays almost always show stereotypic behaviour of some kind (Berkson et al., 1985) and 
that the appearance of such prior behaviour does not necessarily imply a causal connection 
with SIB, especially as the topographies often appear unrelated (c. f. Guess and Carr, 
199 1). Children in the control group also showed stereotypic behaviour and showed no 
less than those in the index group. For five children (cases 5,6,10,12,15), SIB appeared 
to arise out of behaviour first shown as part of "tantrums" and their current topographies 
appeared closely related to the early behaviours. 
It could be argued that the "self-injurious" behaviours observed at time I in this study 
were essentially "stereotypic 11 , in that they were not yet causing tissue damage and could 
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not therefore strictly be said to be "injurious". From the parent reports however, 7 of the 
children had caused minor tissue damage as a result of their SIB (mainly to the fingers as a 
result of hand-biting) whilst one child had required stitches to his head (as a result of one 
of his many "accidental" falls). By the end of the study, I child (i. e. case 2) was wearing 
straight arm splints as a result of her frequent hand-biting whilst another (i. e. case 1) was 
wearing a helmet on some occasions, suggesting that what had once been labelled "not 
really self-injury" was in fact worrying enough to necessitate the application of protective 
devices. It was clear therefore, that at least in some cases, the topographies shown were 
more than merely "stereotypic" in nature. 
No other studies have examined the changes in children's early SIB over time. This is 
crucial to an understanding of why it is that some children with developmental disabilities 
develop SIB which becomes a major problem in their lives (and the lives of their carers) 
while others do not. In this study, it was proposed to conduct direct observations every 
three months in the children's classrooms over a period of 18 months. However, in 
practice, due to scheduling constraints, it was not possible to follow-up all of the children 
at evenly spaced intervals. Indeed, for some of the children who were included at the 
beginning of the study, follow-up time was longer than 18 months whilst for those 
included later, follow-up time was shorter than 18 months. Analysis of these data therefore 
proved problematic. In order to overcome this problem, linear regression lines were 
imposed on the data and the subsequent slope was used as a measure of change for each 
child. Whilst this procedure overcame the problem of variability in follow-up interval and 
total length of follow-up time, it is acknowledged that change in SIB may not have been 
linear. 
As a group, the changes in children's SIB were variable. 12 of the index children had 
positive regression slopes for SIB indicating that SIB had increased to lesser or greater 
degrees over the course of the study. 4 children's SIB had increased significantly over the 
follow-up observations and teacher "concern" for SIB measured at time I was found to be 
the only variable which predicted the later development of SIB suggesting that this may be 
an important risk marker which could be used in future studies to identify "high risk" 
children. However, given the small sample, interactions between measures taken at time I 
could not be assessed. For instance, high levels of stereotypic behaviour measured at time 
I also predicted a later decline in stereotypy suggesting indirectly that level of stereotypic 
behaviour at time I may be a risk marker for later development of SIB. It is likely 
therefore that a combination of risk markers (e. g., high concern about SIB and high levels 
of stereotypic behaviour) may predict exacerbation of SIB. Interestingly, there was a non- 
significant, but suggestive negative association between change in SIB and change in 
stereotypic behaviour, indicating that, as would be predicted by the Guess & Carr (199 1) 
model, stereotypic behaviour may have decreased in frequency as SIB emerged in the 
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child's repertoire. In terms of providing further support for Guess & Carr's (199 1) model, 
parents reported that " under- stimulation" or "over-stimulation" appeared to precede SIB in 
4 cases. However, it should be noted however that time-series analysis of the observational 
data (necessary to test Level 2 of Guess & Carr's model), was not conducted given the 
problems associated with transforming categorical data into quantitative data, necessary 
for time series analysis (see Bakeman & Gottman, 1986). 
From the correlational data, it appeared that non-ambulant, less able individuals with 
sensory impairments were more likely to develop SIB than more able, ambulant individuals 
with autism. This would tend to suggest that autism may not necessarily be a risk marker 
for the development of SIB as has been suggested by epidemiological research. However, 
the small numbers involved in this study precludes further investigation of this finding. 
Teachers appeared, on the whole, to be more concerned about topographies of SIB than 
topographies of stereotypic behaviour at time 1. Indeed, data from the MAS collected at 
time I suggested that over half of the index children show SIB that was maintained by 
social consequences. Data from the parent interviews also identified maintaining variables 
for SIB shown at home, although these were often different from those identified by the 
child's teacher at school. 
From the MAS, Teacher Concern and parent interview data then, it appears that even very 
early on, it is the social responses of others which best predict a worsening of the 
behaviour, as would be predicted from operant models of the behaviour (see Chapter 5). 
To investigate this possibility, sequential analysis was conducted on the observational data 
at each follow-up in order to obtain a more objective assessment of function. Two 
methods of analysis were utilised: the traditional "conditional probability" method and a 
new "normalised-and-pooled" method. The "conditional probability" method was adapted 
from the work of Lerman & Iwata (1993) and tested three hypotheses: the automatic 
reinforcement hypothesis, the social-negative reinforcement hypothesis and the social- 
positive reinforcement hypothesis (see Chapter 4). In order to aid the interpretation of the 
resulting data displays and to correct for the problem of "chance", a statistical measure of 
association (e. g., Yule's Q) was employed for the appraisal of conditional probabilities. 
Using this method, a function could be identified for SIB in 13 cases at time 1, with 8 
children (i. e., cases 4,7,10,12,13,14,15 and 17) showing SIB that had a social function 
and 5 (i. e., cases 1,6,8,9, and 16) showing SIB that appeared to be maintained by 
automatic reinforcement. However, the identification of a social function for SIB at time I 
did not predict the later exacerbation of SIB. A function could be identified for stereotypic 
behaviour in II cases, with 4 children (i. e., cases 6,7,10, and 14) showing stereotypic 
behaviour that had a social function and 7 (i. e., cases 1,2,8,9,11,12 and 16) showing 
stereotypic behaviour that appeared to be maintained by automatic reinforcement. Again 
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however, the identification of a social function for stereotypic behaviour at time I did not 
predict the later exacerbation of SIB. 
It was possible however, that for some children a social function could not be identified 
simply because the SIB or stereotypic behaviour was being maintained by intermittent 
schedules of reinforcement and/or was influenced by "distal" events which the conditional 
probability analysis could not detect. For instance, in the Lerman & Iwata (1993) study, 
for 4 participants, the relevant variable (i. e. escape) was difficult to identify since it 
appeared that SIB was maintained on thin, intermittent schedules. A second method of 
analysis, the "normalised-and-pooled" approach, was therefore developed in order to aid 
the detection of these events. In this method, antecedent and consequent periods are 
defined relative to the time available between occurrences of a response, rather than being 
fixed by the investigator (e. g., 10 seconds). By applying this method to the data for two 
exemplary cases, social variables maintaining stereotypic behaviour and SIB could be 
detected at time I which had not been previously identified using the conditional 
probability method. It is possible therefore that early reinforcement of SIB may have been 
occurring in all of the cases at time I but that this did not appear "significant" at this early 
stage. 
Using the conditional probability approach, for the index group, a social function for SIB 
could be identified across follow-up observations 45% of the time whilst a non-social 
function could be identified 22% of the time. This finding would appear to support operant 
models of the development and maintenance of SIB (e. g. Oliver, 1993; Guess & Carr, 
199 1). Although the variables maintaining SIB differed widely both within and between 
children, for some children, SIB did appear to acquire a social function (e. g., for cases 2 
and 10). Interestingly, for case 2, the frequency with which teachers presented attention 
and demands also significantly increased across the follow-up observations supporting 
previous research into "child effects" (see Chapter 4). For example, Taylor & Carr (1992a) 
found that teachers spent more time with children whose problem behaviour was 
maintained by attention and spent less time with those children whose problem behaviour 
was maintained by escape, suggesting that the problem behaviour of the child served to 
11 control" the behaviour of his/her teachers. The finding in this study can therefore be 
considered consistent with that view. The normalised-and-pooled method of analysis, 
conducted on cases I and 2 also identified social variables maintaining SIB and stereotypic 
behaviour but failed to identify automatic reinforcement as a maintaining variable for either 
behaviour on any occasion. Given that agreement between the methods was poor, further 
work, perhaps with cases showing well-establi shed SIB, will be needed to highlight the 
strengths and weaknesses of the two methods. 
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Using the conditional probability method, at time 1, the descriptive analysis failed to 
identify a function for SIB in 4 of the 17 children. Given that, in referrals made to a 
treatment centre over an II -year period, Iwata et al. (1994) failed to identify a function for 
SIB in only 7 out a total of 152 individuals exposed to experimental assessments, this 
figure therefore suggests that it may be more difficult to identify a function for SIB when 
the behaviour is just beginning. However, in a comprehensive descriptive assessment of 
SIB, Lerman & Iwata (1993) failed to identify a function for SIB in 5 out of 6 cases. 
Whilst Len-nan & Iwata (1993) suggested that this was due to the inadequacies of the 
method of descriptive assessment per se, it is likely that maintaining variables could be 
more readily identified in this study because of the greater sophistication of the data 
capture and analysis methods employed. For instance, rather than adopting the usual I O-s 
interval recording procedure (and its attendant measurement error), observations were 
recorded in real-time (see Chapter 4). Thus, any form of time sampling was avoided. 
Secondly, the demand removal, attention removal and no interaction categories were 
defined post hoc, thus ensuring that these categories were correctly coded (and easing the 
burden on the observer). Thirdly, antecedent and consequent time periods were defined 
relative to the onset and offset of responses rather than being merely adjacent time 
intervals or relative to responses recorded within a time interval. Fourthly, conditional 
probabilities were calculated via computer rather than by hand, thus avoiding transcription 
and calculation errors. Finally, conditional probabilities were evaluated using the Yule's Q 
statistic which corrected for the problem of chance, reduced the number of conditional 
probabilities that needed to be calculated, and aided the interpretation of the resulting data 
displays. It is clear then that, had the procedures adopted by Lerman & Iwata (1993) been 
followed, maintaining variables for SIB may have been much more difficult to identify in 
this group. 
The children identified with Lesch-Nyhan syndrome offered a unique opportunity to study 
the extent to which there may be environmental determinants to SIB in Lesch-Nyhan 
syndrome. All 3 children were under 3 years of age and had recently started to show forms 
of SIB typical of children with the syndrome (i. e., lip biting, finger biting). In contrast to 
the children with developmental disabilities, even at this early stage, the children's SIB 
appeared more severe, requiring the use of gum shields for 2 of the children with one child 
having had his teeth removed as a preventative measure. SIB tended to occur infrequently, 
but when it did occur, was sometimes severe enough to produce tissue damage (although 
this could not always be ascertained). Anecdotally, all of the children were tearful when 
SIB occurred, suggesting that they were not insensitive to pain. The level of stereotypic 
behaviour observed at school was also extremely low, suggesting that in these children at 
least, it was unlikely that SIB may have developed from stereotypic behaviour. The level 
of attention and demands each child received was higher than that for the index cases on 
average. Indeed, parents and teachers appeared to be acutely aware that SIB was a 
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prominent feature of the syndrome, possibly leading to greater attentiveness to the 
children. However, no controls were selected for these children. 
From the descriptive analysis, SIB in all 3 children with Lesch-Nyhan syndrome appeared 
to be maintained by automatic reinforcement at time 1. Subsequent follow-up observations 
. suggested that SIB appeared to acquire a social function on some occasions, supporting 
the work of Anderson and his colleagues (see Chapter 3). For child 1, the function 
appeared to be social-positive reinforcement (at observation 5), whilst for the other 2 
children, the function appeared to be social-negative reinforcement (at observations 2 and 
3 for child 2 and at observation 5 for child 3). On only one occasion (observation 4 for 
child 3) did the analysis failed to detect a maintaining variable for SIB. Overall then, data 
for the children with Lesch-Nyhan syndrome suggested that the SIB was qualitatively 
different from that shown by the index group and appeared unlikely to have originated 
from stereotypic behaviour. Data from the descriptive analysis tended, on the whole, to 
support previous research, suggesting that SIB although SIB in children with Lesch-Nyhan 
syndrome may have biological determinants, the behaviour may subsequently develop a 
social function. Again however, given the small sample of children in this study, these 
conclusions should be interpreted cautiously. 
A limitation of the present study was the fact that MAS data were not collected on 
stereotypic behaviour at time 1. Thus it was not possible to determine whether there was 
agreement between the results of the descriptive analysis for stereotypic behaviour 
measured at time I and the MAS. Further, although MAS data on SIB was collected at 
each subsequent follow-up observation for each child, the analysis of these data proved 
problematic. For instance, several children showed more than one topography of SIB at 
subsequent follow-up observations and questionnaires were therefore completed for each 
topography shown (as suggested by Durand & Crimmins, 1988). Given that it was difficult 
to summarise these results in a manner comparable to the descriptive assessment, these 
data were not presented. 
A second limitation of the present study was the fact that an experimental method of 
functional analysis was not employed (see Chapter 4). Thus, the conclusions of the 
descriptive analysis could not be validated. However, given the limitations associated with 
experimental assessments, in particular the possibility that a social function could have 
been established as a result of the assessment process itself, descriptive assessment 
appeared to be a viable alternative (though less valid procedure given that, in descriptive 
assessment, the independent variable is uncontrolled, see Chapter 4). In addition, although 
topographies of stereotypic behaviour and SIB were recorded separately, they were 
combined into two separate categories for the subsequent analysis. This was done because 
a separate analysis of each topography of SIB and stereotypic behaviour concerned would 
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have proved prohibitively time-consuming to conduct and difficult to summarise. It is 
acknowledged however, that this may have unduly weakened the analysis, given that 
different topographies of stereotypic behaviour and SIB may subserve different functions. 
A third limitation of the present study was the fact that the control children were not also 
followed-up in a similar way to the cases. Thus it could not be ascertained whether or not 
the controls also developed increased SIB. Anecdotal information, however, collected at 
the same time each matched index child was observed at school, suggested that this was 
not the case. For some of the index children (e. g., cases 2 and 16), the percentage of time 
that each child engaged in SIB was relatively high, even at the beginning of the study. This 
raises questions concerning the reliability and validity of the screening interview. Indeed, 
data from the Teacher Concern Scale collected at time I indicated that teachers often rated 
topographies of SIB as cause for concern even though the teacher had reported that the 
child had not shown the topography at screening. Determination of the onset of SIB was, 
by necessity, retrospective given the amount of resources that would have been required to 
conduct a "true" prospective study of SIB (i. e., to follow-up a large group of children who 
did not show SIB). It remains a possibility therefore that SIB may have begun much earlier 
at school (i. e., longer ago than 3 months) but had not yet been noticed by the child's 
teacher. 
Toward the end of the study, subject attrition became an important issue. For instance, one 
child (case 2) moved 200 miles from their original location and in another case (i. e., child 
17) follow-up observations were discontinued due to the apparent distress that the 
observation procedures caused. Given that this child had a higher developmental age than 
the other children and that he had become acutely aware that he was being observed, it 
appears that direct observation procedures may not be a valid procedure for use with more 
able individuals. It should also be pointed out that, over the course of the study, most of 
the children moved classrooms within their particular school and were thus taught by 
different teachers. This introduced variability across the observations that could not be 
controlled. 
20 months into the study, it became clear that a number of children had developed SIB to a 
sufficient degree that it would have been unethical not to pass this information on to the 
caregivers and teachers concerned immediately (as opposed to after the study had been 
completed). Following a meeting with 3 professionals unconnected with the research, it 
was decided that for 7 children (where SIB had escalated in frequency and/or appeared to 
have developed functional properties, i. e., cases 1,2,4, and 5 and all 3 children with 
Lesch-Nyhan syndrome), individual feedback would be given to the parents and teachers 
concerned. None of the parents however, and only one headteacher gave feedback on the 
individual report (stating only that the information had made disturbing reading). 
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Interestingly, one of the cases (i. e., case 5) was referred to a local treatment service for 
treatment, not of his SIB, but rather for his aggressive behaviour which had increased 
toward the end of the study. However, whilst levels of aggression had been monitored for 
this subject throughout the study, aggression still occurred at an extremely low frequency. 
The individual report on his SIB was, however, passed on to the local treatment service. 
Given the general findings of the study, it is now possible to develop a model to describe 
the early development of SIB in children with developmental disabilities. Before doing so 
however, it is necessary to define a few terms. 
Skinner (1966) pointed out the important distinction between whether a behaviour is 
unlearned or learned. For instance, a behaviour can be said to be unlearned or 
"phylogenic" if it is a product of natural selection. Indeed, these behaviours have 
traditionally been called "fixed action patterns". For instance, Baum (1994) has stated: 
"more complex patterns of behaviour can enter into fixed relations to 
environmental events and be characteristics of a species. When a parent herring 
gull arrives at the nest, the chicks peck at a spot on its beak and the parent 
responds by depositing food on the ground-The pattern may be subject to 
refinement ... but 
its great initial reliability derives from a history of selection for 
such reliability ... The fitness of genotypes requiring that such patterns 
be learned 
from scratch would be less than genotypes that built in the basic form" (p. 55). 
It is proposed therefore that behaviours resembling stereotypic behaviours (i. e., "fixed 
action patterns") which are "built-in" in order to facilitate development are the initial 
starting point in the early development of SIB. 
Unlearned behaviours can be contrasted with learned or "ontogenic" behaviours which are 
a product of reinforcement contingencies. The model therefore proposes that over time, 
ontogenic behaviour (i. e., stereotypic behaviour and then SIB) arises from this phylogenic 
behaviour. 
An important component of the model is the concept of the "establishing operation" - This 
tenn was first introduced by Keller & Schoenfeld (1950) to replace the concept of 
"motivation" or "drive". In particular they identified two types of establishing operation, 
"appetites" and "aversions", stating: 
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"the actual operations which establish drives may be those of deprivation (for 
example, of food or water) or stimulation (as by electric shock or painfully strong 
lights or noises) ... Most deprivations must extend over some length of time before 
their drive effects become evident. By contrast, aversive stimuli act ... immediately. " 
(p. 274). 
Michael (1982,1993) has since defined establishing operations (or EOs) such as 
deprivation or aversive stimulation as environmental events that have two effects on 
behaviour. Firstly, they alter the effectiveness of other events as forms of reinforcement 
(i. e., they have a "value-altering effect") and secondly, they evoke the type of behaviour 
that has, in the past, been reinforced by those other events (i. e., they have an evocative 
effect). For example, Michael (1988) points out that water deprivation (an EO) increases 
the reinforcing value of water and evokes behaviour that in the past has led to the 
individual receiving water. Similarly, painful stimulation (also an EO) increases the 
reinforcing value of pain reduction and evokes behaviour that in the past has led to pain 
reduction. 
In addition, Michael (1993) has pointed out: 
"EOs can be further classified as phylogenic and ontogenic in provenance 
depending upon whether their value-altering effect is unlearned (as with food 
deprivation and painful stimulation) or learned. The tenns unconditioned 
establishing operation and conditioned establishing operation (UEO and CEO) 
are convenient ways of identifying the two kinds of motivative relations". (p. 2) 
In this way, water deprivation can be considered an unconditioned establishing operation 
whereas deprivation of social attention can be considered a conditioned establishing 
operation since it increases the reinforcing value of social attention and evokes behaviour 
that has in the past led to the individual receiving social attention. Similarly, a "demand" 
can also be considered a conditioned establishing operation since it increases the 
reinforcing value of demand removal and evokes behaviour that in the past has led to 
demand removal. There is however, no "opposite" of the term establishing operation to 
describe operations that decrease the reinforcing value of other events. Indeed, Michael 
( 19 82) stated: 
"It does not seem useful at this time to introduce the term "abolishing" [to describe 
the opposite of establishing] ... so perhaps... "establishing" should 
be taken to be 
short for "establishing or abolishing" (p. 15 1). 
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Presumably this is because, as Keller & Schoenfeld (1950) have pointed out: 
"Appetites can be reduced or satiated, whereas aversions cannot. Thus, given 
sufficient food, hunger is erased; but an animal that is aversive to electric shock or 
strong light cannot be satiated with no-shock or darkness. " (p. 274). 
In the present context therefore, EO+ will be used to denote operations that increase the 
reinforcing value of other events whereas the term EO- will be used to denote operations 
that decrease the reinforcing value of other events. 
Michael (1993) has also pointed out that reinforcers, like establishing operations can be 
classified as either phylogenic or ontogenic. Thus, Michael (1993) contends, phylogenIc 
reinforcement can be termed unconditioned reinforcement, and should be denotedSR 
whereas ontogenic reinforcement can be termed conditioned reinforcement and should be 
denoted Sr. It is proposed therefore that establishing operations are key variables in the 
development of SIB since they serve to occasion, maintain and stop behaviours. Figure 
10.1 below is the author's proposed model showing how SIB may develop over time in 

























Figure 10.1. Model of the development of SIB. 
Although the first part of the model is somewhat speculative, it is proposed that, initially, 
behaviours appear in the repertoire that are phylogenic (i. e., unlearned behaviours that are 
a product of natural selection). Since these behaviours, called "fixed action patterns", are 
"pre-wired" they can therefore be said to be evoked by unconditioned establishing 
286 
Discussion 
operations (LJEO+) (i. e., a motivational variables such as deprivation of perceptual 
stimulation) which occur as a result of developmental disability. As a result of engaging in 
the behaviour, the individual receives unconditioned reinforcement (SR) e. g., perceptual 
reinforcement. An unconditioned abolishing operation (UEO-) is then temporarily in 
effect which results in the individual ceasing to engage in the behaviour (i. e., the individual 
is temporarily "perceptually" satiated). As a result, over time an unconditioned 
establishing operation (UEO+) is again in effect which evokes the behaviour again and so 
on in a cyclical fashion (c. f. Guess & Carr, 1991). 
Given that the individual may have a developmental disability, over time, the fixed action 
patterns which often occur in normal development, may not provide sufficient perceptual 
stimulation for the individual. Due to the effects of extinction (EXT) then, the individual 
may modify the behaviour in order to provide the prerequisite perceptual feedback. This 
results in the individual engaging in behaviours which can now be labelled stereotypic. 
Since the individual has now "learned" to do this, the individual receives conditioned 
reinforcement (Sr) i. e., perceptual reinforcement. The behaviour can now be considered 
ontogenic i. e., it has a reinforcement history. As a result, a conditioned abolishing 
operation (CEO-) is temporarily in effect and the individual ceases the behaviour (i. e., 
again the individual is "perceptually" satiated). Once the individual stops engaging in the 
behaviour, it is likely that, in the future, a conditioned establishing operation (CEO+) may 
come in effect which evokes the behaviour and so on. At this stage, the behaviour may 
also come into contact with social variables (i. e., the behaviour may be excessive either in 
frequency, duration and/or amplitude, and because of this, other people may try to stop the 
behaviour). As a result of their strategy, the individual receives conditioned reinforcement 
(Sr) resulting in a conditioned abolishing operation (CEO-). Here, the individual is 
temporarily satiated by the conditioned reinforcer (e. g., attention). Later, a conditioned 
establishing operation may again come into effect. Over time, however, when the 
stereotypic behaviour continues, others may not attempt to stop it. As a result of 
extinction (EXT), the individual may again modify the topography of the behaviour so that 
he/she is more likely to receive the desired conditioned reinforcer. This may include 
behaviour that is more efficient in terms of acquiring the desired conditioned reinforcer. 
The behaviour can now be labelled SIB. Once again the individual receives conditioned 
reinforcement (Sr) resulting in a conditioned abolishing operation (CEO-). Once again, the 
individual is temporarily satiated by the conditioned reinforcer (e. g., attention) and so on. 
In some respects the model can be seen as a combination of both the Guess & Carr (199 1) 
and Oliver (1993) models, acknowledging that SIB may be a product of biological and 
environmental factors, but also placing emphasis on the role of environmental variables. 
The results of this study and the model has a number of implications for the early 
intervention and prevention of SIB and for professionals working in the field. 
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As Howlin (1993) has pointed out, successful treatment of SIB requires a detailed and 
systematic assessment of the variables maintaining SIB. It is clear however that in the early 
stages of SIB (where the frequency of SIB may be extremely low), identification of 
maintaining variables may prove problematic. For instance, in the study by Derby et al. 
(1992), reviewed in Chapter 4,29 out of 79 individuals referred to their assessment clinic 
over a 3-year period failed to show the behaviour which constituted their referral during 
the assessment process. Indeed of the remaining 50, functions were identified in only 37 
cases. This problem is compounded when current assessment methodologies either impose 
a risk of establishing a behavioural. function (experimental assessment), do not take into 
account the problem of "chance" (descriptive assessment), or are simply unreliable 
(indirect assessment). Clearly, future research should begin to develop and extend 
assessment methodologies which will be suitable for those working in the field and are 
applicable to those individuals showing low frequency behaviours. For instance, a 
questionnaire could be developed which asks informants not only to estimate the likelihood 
that particular events occur given SIB, but also to estimate the likelihood that these events 
occur given that SIB has not occurred. Yule's Q values for each event could then be 
derived and interpreted in a similar way to that presented in this study. This would allow a 
more objective assessment of function to be conducted than that available in current 
questionnaires. Similar extensions could also be made to the scatterplot methodology, 
perhaps also for use by teachers in the classroom. 
In addition to the development of assessment methodologies, professionals working in the 
field would also benefit from being made aware of the following: 
the possibility that minor illnesses such as middle ear infections and rashes may cause 
particular forms of SIB to occur and that elimination of these conditions could prevent 
the emergence of these forms. 
the possibility that some forms of stereotypic behaviour may develop into SIB. 
the possibility that attempts to reduce the frequency of stereotypic behaviour may be 
counter-productive given that this may facilitate the development of SIB through the 
process of extinction. 
the possibility that establishing operations (such as low levels of attention and high 
levels of demands) may cause SIB to occur and that elimination of these conditions 
may prevent its future occurrence. 
the possibility that inadvertently presenting events when SIB occurs (such as attention 
or demand removal) may serve to exacerbate SIB and that presenting these events 
when SIB does not occur may prevent its development. 
the possibility that by develop Mig alternative skills in the child's repertoire (such as 
perceptual, motor, and communicative skills) SIB may be less likely to occur. Indeed, 
lwata et al., (1994) have said: 
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"As a preventative strategy for all individuals at risk for SIB, early language 
instruction aimed at developing and maintaining simple yet reliable mands (i. e., 
responses that serve the functions of "I want" and "I don't want") makes eminent 
sense. " (p. 235). 
To date, no studies have conducted early interventions for SIB mi children with severe 
developmental disabilities. However, an early intervention study has been conducted on 
aggressive and stereotypic behaviours in children with autism, producing encouraging 
results. In this study, reported by Lovaas (1987), 19 children diagnosed with autism, and 
aged under 3 years, each received 40 or more hours of one-to-one intensive intervention 
each week for 2 or more years. Specifically, the intervention consisted of attempting to 
decrease aggressive and stereotypic behaviour shown by the children using a combination 
of 3 behavioural methods, namely "time-out", "teaching alternate, more socially acceptable 
forms of behaviour" and "the delivery of a loud 'no' or a slap on the thigh contingent upon 
the presence of the undesirable behaviour". [Presumably, Lovaas (1987) had previously 
determined that the children's "undesirable behaviour" was maintained by attention and not 
by escape]. In addition, over the first year, treatment goals also consisted of "building 
compliance to elementary verbal requests, teaching imitation, establishing the beginnings of 
appropriate toy play, and promoting the extension of the treatment into the family. " 
The efficacy of the intervention in terms of subsequent mental age, educational placement 
and IQ of the children (measured 3 to 4 years later) was compared to a well-matched 
control group of children who received 10 hours or less of one-to one treatment each 
week. Although certain aspects of the study have been criticised (in particular, the fact the 
experimental and control subjects were not randomly assigned to each group), results 
showed that II of the experimental children achieved "normal intellectual and educational 
functioning" whereas only one of the control subjects showed similar improvement. 
Interestingly, when the "contingent-aversive" component of the treatment programme (i. e., 
the loud 'no' and slap) was temporarily removed from the programme for 8 subjects (4 
experimental and 4 controls), only small reductions in aggressive and stereotypic behaviour 
occurred. Lovaas (1987) considered that these reductions were "insufficient to allow for 
the subject's successful mainstrearning". However, re-introduction of the "aversive" 
component resulted in "sudden and stable" reductions. 
in comparison to an earlier study then, also conducted by Lovaas (see Lovaas et al., 1973) 
which included behavioural treatments for older subjects conducted over I year without 
the inclusion of additional treatment goals), the results of the Lovaas (1987) study 
suggests that the elimination of aggression and stereotypic behaviour is possible in children 
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with autism, if treatment is begun early, is intensive, occurs over a number of years, 
includes the family members, involves skill building and includes aversives. 
Given the findings of the Lovaas (1987) study and those of the present study it should now 
be possible to conduct a study to test the efficacy of early interventions for SIB. For 
instance it should be possible to identify children under 5 years at high risk for developing 
SIB (i. e., those children with severe developmental disabilities showing high rates of 
stereotypic behaviour) and to randomly assign each child to treatment and control groups. 
Intensive interventions consisting of teaching parents not to inadvertently reinforce their 
children's SIB, together with an emphasis on developing alternative skills in the children's 
repertoires could then be conducted over a number of years. 
Whether or not such a study could be carried out here in the U. K., given current methods 
of funding, is difficult to ascertain. However, the long-term financial implications of 
conducting early interventions (also discussed in Chapter 1) is persuasive. For instance, 
although Lovaas & Smith (1994) estimated that this type of intervention would require a 
"well-trained special education teacher" to be assigned full-time to each family receiving 
the treatment (costing an estimated $75 000 over 3 years), this initial expenditure can be 
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Appendix B: Letter sent to headteachers. 
Dear Headteacher, 
Re: Research into Self-ln_JM 
We have been funded by The Mental Health Foundation to investigate the early development of self- 
injurious behaviour (SIB) in children with learning difficulties. 
As part of this research, we need to identify children of ten years and under, in schools in and around the 
London area, who have recently begun to show SIB. We have enclosed an information booklet outlining 
the proposed research and wondered whether you would like to participate in the project? 
The study would involve each class teacher filling in a brief questionnaire which will be sent out to you by 
post and an interview with the teacher of those children participating in the project. 
Please indicate if you would like you to participate in this research project by filling in the attached form 
and returning it to us in the envelope provided. 
Many thanks for your co-operation. 
Yours sincerely, 
Mr. Scott Hall 
Research Psychologist 
Dr Chris Oliver 
Senior Lecturer in Psychology 
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Appendix C: Letter sent to parents of index children. 
Dear Parent, 
We are a research team funded by The Mental Health Foundation and we have been asked to look at the 
different types of repetitive habits that young children sometimes show in their early years. It is hoped that 
by studying these behaviours, we can team more about why they start and can therefore identify the needs 
of children much earlier. This information is important, as sometimes these habits can become 
problematic for some children in later life and we may be able to develop better early interventions when 
we know more about them. 
We are currently visiting all schools in and around the London area in order to include children on this 
project. We wondered whether you would like your child to have the opportunity to be included? 
The study would initially involve us talking to your child's class teacher at school and we would also like 
to talk to you about your child at some stage in the future. In addition, we would like to spend some time 
observing your child at school and this may include some use of video. All information would of course be 
treated as strictly confidential and we will be happy to feed back to you the information we collect. 
You can contact either the project team or your child's headteacher for more information about the project. 
Our phone number is 071 703 5411 ext. 43 82. Please indicate if you would like your child to participate in 
this project by filling in the attached form and returning it to us in the envelope provided. 
Many thanks for your co-operation. 
Yours sincerely, 
Mr. Scott Hall 
Research Psychologist 
Dr. Chris Oliver 
Senior Lecturer in Psychology 
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Appendix D: Letter sent to parents of control children. 
Dear Parent, 
We are a research team funded by the Mental Health Foundation and we have been asked to look at the 
different types of repetitive habits that young children sometimes show in their early years. 
We have visited several schools in and around the London area and have included a number of children in 
our project. As part of the research, we need to compare the children we have identified with children 
attending the same school and preferably in the same classroom. 
Your child's teacher at school has told us that your child would be a suitable "comparison" classmate. We 
wondered therefore whether you would like your child to have the opportunity to be included in our 
project? 
As a comparison classmate, the study would involve us observing your child at school on one occasion and 
we would also like to talk to you about your child at some stage in the future. All information would of 
course be treated as strictly confidential and we will be happy to feed back to you the information we 
collect. 
You can contact either the project team or your child's headteacher for more information about the project. 
Our phone number is 071 703 5411 ext. 2816. Please indicate if you would like your child to participate in 
this project by filling in the attached form and returning it to us in the envelope provided. 






Appendix E. Letter sent out to paediatricians 
identify children with Lesch-Nyhan syndrome. 
in London teaching hospitals to 
Re: Research into Self-Inju 
We have been funded by The Mental Health Foundation to investigate the early development of self- 
injurious behaviour (SIB) in children with learning difficulties. 
As part of this research, we are hoping to study children in some high risk groups (i. e., high risk for 
developing self-injury) and these would include children with Lesch-Nyhan syndrome and De Lange 
syndrome. 
We wondered whether you would be able to advise us of any individuals or departments with particular 
interests in either Lesch-Nyhan syndrome or De Lange syndrome. The former has a clear genetic basis but 
also involves the disorder of metabolism with consequent alterations to neurotransmitters. De Lange 
syndrome is less well understood and although it has a probable genetic basis I think this is not yet 
defined. 
We would be most grateful for any suggestions you have as to other people we might contact in relation to 
these two syndromes. 
Yours sincerely, 
Dr. Glynis Murphy 
Senior Lecturer in Psychology 
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Appendix F. Childhood Autism Rating Scale (CARS), (Schopler et al., 1980). 
Childhood Autism Ratin g Scale 
Directions: After reviewing notes m ade on the CARS worksheet assign a summary score for each item. 
(Circle one score per item). 
I =within normal limits 
2= mildly abnormal 
3= moderately abnormal 
4= severely abnormal 
1. Relating to people 1 1.5 2 2.5 3 3.5 4 
ii. Imitation 1 1.5 2 2.5 3 3.5 4 
Ill. Emotional Response 1 1.5 2 2.5 3 3.5 4 
IV. Body Use 1 1.5 2 2.5 3 3.5 4 
V. Object Use 1 1.5 2 2.5 3 3.5 4 
Vi. Adaptation to Change 1 1.5 2 2.5 3 3.5 4 
Vil. Visual Response 1 1.5 2 2.5 3 3.5 4 
Vill. Listening response 1 1.5 2 2.5 3 3.5 4 
ix. Taste, Smell, and Touch 1 1.5 2 2.5 3 3.5 4 
Response & Use 
X. Fear or Nervousness 1 1.5 2 2.5 3 3.5 4 
xi. Verbal Communication 1 1.5 2 2.5 3 3.5 4 
xii. Nonverbal 1 1.5 2 2.5 3 3.5 4 
Communication 
xill. Activity Level 1 1.5 2 2.5 3 3.5 4 
xiv. Level and Consistency of 1 1.5 2 2.5 3 3.5 4 
Intellectual Response 





Appendix G: Aberrant Behaviour Checklist (Singh & Aman, 1985a). 
Aberrant Behaviour Checklist 




Please rate this child's behaviour for the last four weeks. For each item, decide whether the behaviour is a 
problem and circle the appropriate number: 
0= not at all a problem 
= the behaviour is a problem but slight in degree 
2= the problem is moderately serious 
3= the problem is severe in degree 
When judging his/her behaviour, please keep the following points in mind: 
(a) Take relative frequency into account for each behaviour specified. For example, if the child averages 
more temper tantrums than all other children in the classroom, it is probably moderately serious (2) or 
severe (3) even if these occur only once or twice a week. Other behaviours, such as noncompliance, would 
probably have to occur more frequently to merit an extreme rating. 
(b) Consider this child's behaviour with all teachers, not just yourself. If he/she has problems with others 
but not with you, try to take the whole picture into account. 
(c) Try to consider whether a given behaviour interferes with his/her development. For example, chronic 
body rocking may not disrupt other children or the management of the classroom, but it almost certainly 
hinders individual development. Thus, maladaptive behaviour should be taken into account as well as 
acting out behaviour. 
(d) Raters are encouraged to rely in part upon the obervations of others - in particular those who know the 
child especially well and those who can observe him/her in other situations, (e. g. when away from school). 
Do not deliberate too long on each item - your first reaction is usually the right one. 
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Appendix G (cont. 
I. Excessively active in classroom 0 1 2 3 
2. Injures self 0 1 2 3 
3. Listless, sluggish, inactive 0 1 2 3 
4. Aggressive to other children and teachers 0 1 2 3 
5. Seeks isolation from others 0 1 2 3 
6. Meaningless, recurring body movements 0 1 2 3 
7. Boisterous (inappropriately noisy and rough) 0 1 2 3 
8. Screams inappropriately 0 1 2 3 
9. Talks excessively 0 1 2 3 
10. Temper tantrums 0 1 2 3 
11. Stereotyped, repetitive movements 0 1 2 3 
12. Preoccupied; stares into space 0 1 2 3 
13. Impulsive (acts without thinking) 0 1 2 3 
14. Irritable ("grizzly" or "whiny") 0 1 2 3 
15. Restless, unable to sit still 0 1 2 3 
16. Withdrawn; prefers solitary activities 0 1 2 3 
17. Odd, bizarre in behaviour 0 1 2 3 
18. Disobedient; difficult to control 0 1 2 3 
19. Yells at inappropriate times 0 1 2 3 
20. Fixed facial expression; lacks emotional reactivity 0 1 2 3 
2 1. Disturbs others 0 1 2 3 
22. Repetitive speech 0 1 2 3 
23. Does nothing but sit and watch others 0 1 2 3 
24. Uncooperative 0 1 2 3 
25. Depressed mood 0 1 2 3 
26. Resists any form of physical contact 0 1 2 3 
27. Moves or rolls head back and forth 0 1 2 3 
28. Does not pay attention to instructions 0 1 2 3 
29. Demands must be met immediately 0 1 2 3 
30. Isolates himself/herself from other children 0 1 2 3 
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Appendix G (cont. 
31. Disrupts group activities 0 1 2 3 
32. Sits or stands in one position for a long time 0 1 2 3 
33. Talks to self loudly 0 1 2 3 
34. Cries over minor annoyances and hurts 0 1 2 3 
35. Repetitive hand, body, or head movements 0 1 2 3 
36. Mood changes quickly 0 1 2 3 
37. Unresponsive to classroom activities 0 1 2 3 
38. Does not stay in seat during lesson period 0 1 2 3 
39. Will not sit still for any length of time 0 1 2 3 
40. Is difficult to reach or contact 0 1 2 3 
41. Cries and screams inappropriately 0 1 2 3 
42. Prefers to be alone 0 1 2 3 
43. Does not try to communicate by gestures 0 1 2 3 
44. Easily distractible 0 1 2 3 
45. Waves or shakes the extremities repeatedly 0 1 2 3 
46. Repeats a word or phrase over and over 0 1 2 3 
47. Stamps feet while banging objects 0 1 2 3 
48. Constantly runs or jumps around the room 0 1 2 3 
49. Rocks body back and forth 0 1 2 3 
50. Deliberately hurts himseLf/herseLf 0 1 2 3 
51. Pays no attention when spoken to 0 1 2 3 
52. Does physical violence to self 0 1 2 3 
53. Inactive, never moves spontaneously 0 1 2 3 
54. Tends to be excessively active 0 1 2 3 
55. Responds negatively to affection 0 1 2 3 
56. Deliberately ignores directions 0 1 2 3 
57. Throws temper tantrums 0 1 2 3 
58. Shows few social reactions to others 0 1 2 3 
for completing this questionnaire. 
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Appendix H. Motivation Assessment Scale (MAS), (Durand & Crimmins, 1988). 




Instructions: The Motivation Assessment Scale is a questionnaire designed to identify those situations in 
which an individual is likely to behave in certain ways. To complete the Motivation Assessment Scale, 
select one behaviour that the child displays from the list below,. The behaviours are: 
Hitting head on objects (this may include repetitive light tapping). 
Hitting objects to head (this includes knees, toys, etc. and may be light contact only). 
Hitting body with hand (this need not beforceful). 
Hitting head with hand (this need not beforceful). 
Self-biting (this does not have to produce teethmarks). 
Self-scratching, picking or rubbing skin (this need not break the skin). 
Self-pinching. 
Eye poking. 
Inserting objects into ears, nose etc. 
Pulling own hair. 
Once you have specified the behaviour to be rated, read each question carefully and circle the one number 
that best describes your observations of this behaviour. 
1. Would the behaviour occur continuously, over and over, if this child was left alone for long periods of 
time? (for example, several hours). 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
2. Does the behaviour occur following a request to perform a difficult task? 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
3. Does the behaviour seem to occur in response to your talking to other persons 
in the room? 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
4. Does the behaviour ever occur to get a toy, food or activity that this child has been told that he or she 
can't have? 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
5. Would the behaviour occur repeatedly, in the same way for long periods of time if no one was around? 
(For example, rocking back and forth for over an hour). 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
6. Does the behaviour occur when any request is made of this child? 





7. Does the behaviour occur whenever you stop attending to this child? 
Never Almost never Seldom Half the time Usually Almost always 
0 123 45 
8. Does the behaviour occur when you take away a favourite toy, food or activity? 
Never Almost never Seldom Half the time Usually Almost always 





9. Does it appear to you that this child enjoys performing the behaviour? (It feels, tastes, looks, smells 
and/or sounds pleasing). 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
10. Does this child seem to do the behaviour to upset or annoy you when you are trying to get him or her 
to do what you ask? 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
11. Does this child seem to do the behaviour to upset or annoy you when you are not paying attention to 
him or her? (For example, if you are sitting in a separate room, interacting with another person). 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
12. Does the behaviour stop occurring shortly after you give this child the toy, food or activity he or she 
has requested? 
Never Almost never Seldom Half the time Usually Almost always Always 
01 23 4 5 6 
13. When the behaviour is occurring, does this child seem calm and unaware of anything else going on 
around him or her? 
Never Almost never Seldom Half the time Usually Almost always Always 
01 23 4 5 6 
14. Does the behaviour stop occurring shortly after (one to five minutes) you stop working or making 
demands of this child? 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
15. Does this child seem to do the behaviour to get you to spend some time with him or her? 
Never Almost never Seldom Half the time Usually Almost always Always 
0123456 
16. Does the behaviour seem to occur when this child has been told that he or she can't do something 
he or 
she had wanted to do? 





Appendix I: Teacher Concern Scale (TCS). 
Teacher Concern Scale 
I Child's name Rater Date 
INSTRUCTIONS: For each item below, please indicate how concerned you are about the behaviour at the 
present time by putting a circle around the appropriate number. If the child does not display this 
behaviour, place a tick under "Not shown". 
a). Hitting head with hand. (This need not be forceful). 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
0 2 3 4 
b). Rocking body back and forth. 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
0 1 2 3 4 
c). Self-scratching, picking or rubbing the skin. (This need not break the skin). 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
0 1 2 3 4 
d). Hitting body with hand. (This need not be forceful). 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01234 
e). Eye poking. 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01234 
f). Kicking body. (This need not be forceful). 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01234 
g). Moving or rolling head back and forth. 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01234 
336 
ix I (cont. 
h). Inserting objects into ears, nose etc. 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01 2 3 4 
i). Hitting objects to head. (This includes knees, toys, etc. and may be light contact only). 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
0 2 3 4 
J). Self-biting. (This does not have to produce teethmarks). 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01 2 3 4 
k). Waving or shaking hands and arms repeatedly. 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01 2 3 4 
1). Hitting head on objects. (This may include repetitive light tapping). 
Not shown No concern Weak Definite Strong Extreme 
concern concern concern concern 
01 2 3 4 
in). Self-pinching. 
Not shown No concern Weak 
concem 
01 
n). Pulling own hair. 
Not shown No concern Weak 
concern 
01 
Thankyou for completing this questionnaire. 
Definite Strong Extreme 
concern concern concern 
234 
Definite Strong Extreme 





Appendix J: Parent Structured Interview. 
Parent Structured Interview 
1. Age 
1 Sex 
Child's name ................................................ 
Parent's name ............................................... 
Date of interview (dd/mm/yy) ...................................... 
years, months 
Male ............................................................. Female ........................................................... 
3. Place of residence Family home ...................................................... 





have any of the following conditions? 








Other known syndrome? 
(Please specify) ...................................... 
a) If "yes", has a definite diagnosis been made? 




















Yes, Query ........... 





















No (no medication, no seizures) .............. 
1 
No (controlled by medication) ................ 
2 
Occasional seizures .......................... 3 One or more major seizures per month ....... 4 
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Appendix J (cont. ) 
a) If "yes", has a definite diagnosis been made? 
Where was this diagnosis made? 
b) If "yes", at what age was epilepsy first suspected? 
years ..... months 
Yes, Definite 
Yes, Query 








from ear infections? No (no medication, no ear infections) ........ I No (controlled by medication) ................ 2 Occasional episodes .......................... 3 One or more major episodes per month ...... 4 
a) If "yes", has a definite diagnosis been made? 
Yes, Definite I 
Yes, Query ........... 2 No ................... 3 Don't know ........... 4 Where was .... tested? 
...................................................... 
...................................................... 
b) If "yes", at what age was an ear infection first suspected? 
..... years ..... months 
7. How is .... 's hearing (Code hearing with aid, if worn) Normal ............... I Poor ................. 2 
Deaf ................ 3 Not sure ............. 4 
Where was .... tested? 
...................................................... 
How is ..... s vision (Code vision with glasses, if worn) 
Normal ............... I Poor ................. 2 
Where was .... tested? 
Blind ................ 3 Not sure ............. 4 
8. How does .... get about the 
house? 
No difficulty ................................................... 
I 
Without aid but with some difficulty ............................. 
2 
With aids (or mobile in wheelchair) indoors and out .............. 
3 
Unable to walk but can get around indoors ........................ 
4 






Appendix J (cont. ) 
9. How often does .... show any of the following 
list of behaviours? 
a) Hitting head on floor or other hard surface (this Usually, or always, this form I 
may include repetitive light tapping) Sometimes takes this form ........ 2 Never or hardly ever ............. 3 
b) Hitting objects to head (this includes knees, toys, Usually, or always, this form I 
etc. and may be light contact only) Sometimes takes this form ........ 2 Never or hardly ever ............. 3 
c) Hitting hand with head (this need not be forceful) Usually, or always, this form I 
Sometimes takes this form ........ 2 Never or hardly ever ............. 3 
d) Hitting body with hand or kicking body (this need Usually, or always, this form I 
not be forceful) Sometimes takes this form ........ 2 
Never or hardly ever ............. 3 
e) Hitting hand on floor or other hard surface 
f) Banging foot on floor or other hard surface 
g) Banging body on floor or other hard surface 
h) Eye-pressing, self-pinching, scratching, picking 
or rubbing skin (this need not break the skin) 
1) Hair pulling 
Hand biting 
k) Aggression to other people 
Usually, or always, this form I 
Sometimes takes this form ........ 
2 
Never or hardly ever ............. 
3 
Usually, or always, this form I 
Sometimes takes this form ........ 2 
Never or hardly ever ............. 
3 
Usually, or always, this fonii I 
Sometimes takes this form ........ 
2 
Never or hardly ever ............. 
3 
Usually, or always, this form I 
Sometimes takes this form ........ 
2 
Never or hardly ever ............. 
3 
Usually, or always, this form I 
Sometimes takes this form ........ 
2 
Never or hardly ever ............. 
3 
Usually, or always, this form .... 
I 
Sometimes takes this form ........ 
2 
Never or hardly ever ............. 
3 
Usually, or always, this fon-n 1 
Sometimes takes this form ........ 
2 
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10. How long ago did you first see the child exhibit any of these behaviours? 
Within the last month ........................ I Within the last 4 months ..................... 2 Within the last year ......................... 3 More than a year ago ......................... 4 Unable to recall accurately .................. 5 
When you first saw the behaviour, what happened? 
Why do you think it first started? 
11. How often has any of the behaviours occurred in the past 4 months? 
Once per hour or more .................................... 
I 
Less than once per hour but more than once per week 2 
Less than once per week but at least once in the last 4 
months ................................................... 
3 
Not at all ............................................... 
4 
If "not at all" in the past 4 months, how long is it since the last 
incident? 
months 
12. In the past 4 months, has the number of times these behaviours occur, been consistent 
or varied? 
Consistent around present level ................................... 
1 
Varied above and below present level .............................. 
2 
Varied but mostly higher than present level ....................... 
3 
Varied but mostly lower than present level ........................ 
4 
13. What tends to trigger off these behaviours? 
a) Do these behaviours occur : 
d I At certain times of the ay ....................................... 
In other regular patterns in time .............................. 
2 
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b) Do these behaviours occur : 
When you are trying to get .... to 




When you or someone else are talking to .... Often .......... Sometimes 
...... No ............. Don't know 
When you stop .... 





When you are busy doing something else and can't attend to .... Often .......... Sometimes ...... No ............. Don't know 
Are there any other circumstances Often .......... 
............................................................. Sometimes ...... 
............................................................. No ............. Don't know 
c) Does .... do anything beforehand which indicates that they are likely to occur? 
Usually or always 
Sometimes 
Never or hardly ever 
What fonn does this behaviour take? 
14. Do you feel overall that most incidents of repetitive habits can be explained or not? 
No apparent reason ................................................ 
Usually explicable ................................................ 
Mixed pattern ..................................................... 
a) Which, if any, Of the following explanations do you consider applies most often to 
these behaviours? 
To gain attention ................................................. 
To avoid/resist demands ........................................... 
Can be either of above ............................................ 
Other reason(s) ................................................... 
Biological ........................................................ 
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15. Do you think there is at least a more general underlying explanation for the behaviour? 
for example 
Illness ........................................................... Home circumstances ................................................ 
.... 's physical state ............................................. 
.... 's mood ....................................................... Other (please specify) ............................................ 
16. Does any skin damage occur as a result of .... 's behaviour: What usually happens and 
what happened following the most serious incident? 
Usual Serious 
No physical injury II 
Minor damage to skin 22 
Sometimes major damage to skin 33 
Often major damage to skin 44 
17. a) What do you usually do when the behaviours occur? 
Not intervene, behaviour occurs when .... is alone ........... Not intervene, behaviour ceases spontaneously ................. Not intervene, behaviour is tolerated or accepted ............. Is ignored as part of an agreed programme ....................... Verbal response from family member .............................. Physically intervene (with or without verbal response) 
Physically intervene by more than one family member 
Other (please specify) .......................................... 
b) What is the most that you will do to stop the behaviours when they occur? (Please 
ring one number only). 
Not intervene, behaviour occurs when .... is alone ........... Not intervene, behaviour ceases spontaneously ................. Not intervene, behaviour is tolerated or accepted ............. Is ignored as part of an agreed programme ....................... Verbal response from family member .............................. 
Physically intervene (with or without verbal response) 
Physically intervene by more than one family member 
Other (please specify) .......................................... 
c) Is it ever impossible to stop the behaviours because they occur when .... is alone? 
Yes, often .... ' .... * **"********"***"****""*""""*" 
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18. Is any agreed treatment or programme currently being employed to prevent or reduce 
this behaviour? 
Medication? Yes .......... I No ........... 2 
Agreed written behaviour modification Yes .......... I 
programme? No ........... 2 
Devices such as gloves, helmets, arm Yes .......... I 
splints etc? No ........... 2 
Keeping likely objects away from the Yes .......... 1 
child? No ........... 2 
Keep child away from a situation likely to Yes .......... I 
trigger the behaviour? No ........... 2 
Other (specify)? Yes .......... I No ........... 2 19. Are any of the following used to immediately stop the behaviours? 
Physical restraint? Usually ...... I Sometimes.... 2 
Occasionally. 3 
Never ........ 4 
Devices used only when the behaviour Usually ...... I 
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Abstract 
In this paper, two methods of sequential analysis are applied to hypothetical observational data. The first 
method employs the conventional "conditional probability" approach, illustrated using the GSEQ program 
(Bakeman & Quera, 1995). In order to overcome some of the difficulties associated with conditional 
probability approach, the second method employs a new "normalized and pooled" approach. Essentially, 
by normalizing periods of time preceding, during and following each occurrence of a nominated "given" 
behavior, the proportion of time units devoted to a "target" behavior can be estimated and then pooled 
across all occurrences of the "given" behavior. A summary diagram representing the Uelihood that the 
target behavior precedes, occurs concurrently with, and follows the "given" behavior can then be 
constructed. Elements of this summary diagram can also be quantified. Given the graphical nature of the 
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A Graphical Method to Aid the Sequential Analysis of Observational Data 
Introduction 
The analysis of complex social interactions has attracted increasing interest In the last 15 years. Prominent 
targets for study have included the mother-child relationship (Adamson & Bakeman, 1985; Bakeman & 
Brown, 1977; Dowdney, Mrazek, Quinton & Rutter, 1984; Gottman & Ringland, 1981), husband-wife 
interactions (Gottman, 1979; Gottman, Markman & Notarius, 1977) the cI Ient- counsellor process (Hill, 
Carter & O'Farrell, 1983; Lichtenberg & Heck, 1986; Patterson & Forgatch, 1985) and more recently, the 
relationship between problem behaviors and environmental events (Lerman & Iwata, 1993; Mace & Lalli, 
1991). In an attempt to quantify various aspects of interactions, many studies have employed observational 
methodology. This involves systematically observing and recording the behaviors of two or more 
individuals, usually in naturalistic settings. Given computerized methods of data capture, this has now 
become a less onerous task than it once was (see Noldus, 1991; Repp & Felce, 1990; Repp, Hannan, Felce, 
Van Acker & Karsh, 1989; Tapp, Wehby & Ellis, 1995; Unwin & Martin, 1987). For instance, behaviors 
can now be recorded in either "event" or "interval" units, be defined as either "momentary" and/or 
"duration" (see Sackett, 1979), and saved in either a "continuous" or "intermittent" format. The data can 
then be subjected to analysis. 
Although each recorded behavior can be expressed as a rate or percentage of the total observation period, 
these "time-budget" measures do not provide information concerning the process of the interaction 
(Bakeman & Gottman, 1986) i. e., the relationship between behaviors. Many studies have therefore 
attempted to detect naturally occurring chains of behaviors in the observational data (see Patterson, 1974). 
However, a simple, yet effective and useful methodology for analyzing sequential data has proved elusive 
(Gottman & Roy, 1990). Previous descriptions of methods of sequential analysis (e. g., Budescu, 1984; 
Gardner & Griffin, 1989; Gottman, 1981; lacobucci & Wasserman, 1988; Moran, Dumas & Symons, 
1992) and software for conducting sequential analysis (e. g., Noldus, 1991; Repp & Felce, 1990; Sackett, 
Holm, Crowley & Henkins, 1979) require considerable time and statistical expertise in terms of 
conducting the analysis itself and interpreting the subsequent output (Bakeman & Casey, 1995; Hall, 
1995; Highlen, 1986; Lichtenberg & Heck, 1986; Sackett, 1987). Sequential analysis has therefore not 
been utilized by practising behavior analysts in clinical settings. 
Some of the difficulties with sequential analysis have now been resolved. For instance, Bakeman and 
Quera (1992) have developed a standard format for representing observational data collected using 
different methods (i. e., the Sequential Data Interchange Standard or "SDIS"). A software package for data 
analysis has also recently appeared (i. e., the Generalized Sequential Querier or "GSEQ", Bakeman and 
Quera, 1995). However, some difficulties with the application and interpretation of sequential analysis 
methods remain. In order to illustrate these difficulties, a hypothetical example will be considered and a 
new graphical method of sequential analysis will then be described. The new method is designed primarily 
to help promote the use of sequential analysis by practising behavior analysts in clinical settings and not as 
a replacement for existing methods of sequential analysis. 
Example data. Suppose two behaviors, X and Y, were observed in a naturalistic setting. Behavior X, for 
instance, could represent the "gaze" of a young child, whilst behavior IY 
could represent the "vocalization" 
of his/her mother. Hypothetical data for the dyad are displayed below : 
Timed X Y; 
11 
X, 15-22) Y, 23-39) X, 83-88) X, 92-101) Y, 100-116) X, 144-150) Y, 150-165) X, 181-186) Y, 183-204) 
X, 250-256) Y, 255-268) X, 302-31 1) X, 316-345) Y, 320-336) X, 365-372) Y, 368-386) X, 404-41 1) 
Y, 408-425) X, 457-470) Y, 482-487) X, 508-513) Y, 514-532) 
, 547)/ 
1 These data and the data example presented later in the paper have been adapted from Repp et al., (1989), Behavioral Assessment, 1.1 
p. 254). Copynght 1989 by Elsevier Science Ltd.. Adapted by permission. 
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The data shown above follows SDIS conventions (Bakeman & Quera, 1995). The first line in the data (i. e., Timed X Y; ) indicates that two behavior codes were recorded in continuous mode. The second line (i. e., 
. 1) indicates that the observation session started at the first time unit. The following lines contain the main 
observational data. Each recorded behavior occurrence has three components: a letter indicating which behavior was emitted, its onset time and its subsequent offset time. The right parenthesis following each 
offset time unit indicates an inclusive offset time unit (see Bakeman and Quera, 1995). Inspection of the data above shows that behaviors X and Y can co-occur (e. g., at time units 100 and 10 1). The last line in 
the data (i. e., 547)/) indicates that the observation session finished at time unit 547. This particular data format has been called Timed Sequential Data (TSD) and is considered to capture "real-life complexity" 
(Bakeman & Quera, 1995, p. 14). 
The "conditional probabili1y" approach. Conventional methods of sequential analysis adopt the 
"transitional" or "conditional probability" approach (Bakeman, 1978). The conditional probability of a 
"target" behavior reflects the likelihood of its occurrence giKen that another "given" behavior has occurred. 
Thus, in the example data shown above, the probability of Y given X, or p(Y/X), and the probability of X 
given Y, or p(X/Y), are statistical descriptions of the association between X and Y. Quantification of the 
association can most easily be achieved by comparing each conditional probability to its respective 
unconditional probability (i. e., the proportion of time allocated to the behavior). Thus, a higher (or lower) 
value obtained for the probability of Y given X, when compared to the unconditional probability of Y, 
indicates a likely association between X and Y. Similarly, a higher (or lower) value obtained for the 
probability of X given Y, when compared to the unconditional probability of X, also indicates a likely 
association between X and Y. The magnitude of the effect can be gauged using an appropriate statistic, for 
example, Yule's Q or the log-odds ratio (Wickens, 1993). 
The temporal association between X and Y (i. e., whether the target behavior precedes, occurs during, or 
follows the "given" behavior) can be indicated by adding a subscript to the notation given above. Thus, to 
evaluate the temporal association between X and Y, the probability that Y precedes X could be represented 
by the notation, p(Y- I A), the probabil ity that Y occurs during X could be represented by the notation, 
p(Y+O/X), and the probability that Y follows X could be represented by the notation p(Y+ I A). S imilarly, 
the probability that X precedes Y could be represented by the notation, p(X- I /Y), the probability that X 
occurs during Y could be represented by the notation, p(X+O/Y), and the probability that X follows Y 
could be represented by the notation p(X+ I /Y). Thus, 6 conditional probabilities can be evaluated to 
reflect the association between X and Y. 
To illustrate the conventional "conditional probability" approach to sequential analysis, an analysis will be 
conducted on the hypothetical data given above using the GSEQ program. GSEQ is a command-based 
program that requires the user to create an ASCII input file of commands. For instance, in order for the 
program to calculate the conditional probability of Y occurring during X, that is, p(Y+O/X), the following 
commands would be required in the GSEQ input file: 
File "xy"; 
Slats CON P; 
Target Y &; 
Given X 
End; 
The first line (i. e., File "xy%) indicates that the data file is called xy. sds. The second line (i. e., Stats 
CONP; ) requests conditional probability values. The third and fourth lines (I. e., Target Y &; and Given X 
&, ) request conditional probability values for the target behaviors, "Y" and "not-Y" (the latter represented 
by a "&"), giKen the given behaviors "X" and "not-V. The last line (i. e., End; ) finishes the program run. 
The conditional probability values actually calculated by GSEQ are simply the number of time units 
during which the target and given behaviors co-occur divided by the number of time units during which 
the respective given behaviors occur (c. f. "nested" analysis, (Noldus, 1991; Repp & Felce, 1990)). 
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For instance, if X occurs for 120 time units and X and Y co-occur for 35 time units, then the conditional 
probability of Y occurring during X is 0.29 (i. e., 35 divided by 120). The calculation of conditional 
probabilities for Y preceding X, or Y following X is more difficult however. Here, GSEQ allows the user to specify time "windows" (i. e., periods of time keyed to the onset or offset of behaviors). Time windows 
are essentially additional variables which are created at run time and can therefore be used in the 
subsequent analysis. For example, issuing the commands: 
Window PREX = (X-1 0, (X-1; 
Window FOLX = X)+l, X)+l 0; 
after the first line in the GSEQ input file given above generates two new variables "PREV and "FOLV. 
The first variable, "PREV would occur 10 time units before the onset of each occurrence of X to one time 
unit before the onset of each occurrence of X. The second variable, "FOLV would occur one time unit 
after the offset of each occurrence of X to 10 time units after the offset of each occurrence of X. 
Exchanging X in the GSEQ input file given above for "PREV or "FOLV would then allow the program 
to calculate the conditional probability of Y preceding X or the conditional probability of Y following X. 
One disadvantage of the "window" command, however, concerns the problem of "overlapping" time 
windows. For instance, by specifying a time window of 10 seconds, a period of 10 seconds after the offset 
of a given behavior may overlap with a period 10 seconds before the onset of the next given behavior, or 
even with the next occurrence of the given behavior. As Bakeman and Quera (1995) explain: 
The windows ... are affected by the timing of the codes already in the file, and occasionally this 
very flexibility can result in anomalies. Some windows may extend before the beginning or after 
the end of the session, in which case they are truncated. Others may overlap, in which case the 
later windows are truncated. Still others may be null (i. e., have no duration). (p. 76). 
Employing a 10 second time window on the example data given above would produce an overlapped time 
window (i. e., the window following "X, 83-88)" would overlap with the window preceding "X, 92-101)"). 
Although this would have a minimal effect on the interpretation of the results in this example, anomalies 
may become substantial on larger data sets, particularly when behaviors cluster together (i. e., they have 
short bout and interbout durations). Thus, it appears that an analysis employing a time window would only 
be entirely satisfactory if the periods of time between occurrences of a behavior were always more than 
twice the desired time window. Since this is unlikely, (unless the time window specified is extremely 
short), the analysis process requires the investigator to make a "decision" concerning the length of the time 
window in order to minimize the anomalies. Clearly, different specifications will produce quite different 
results. 
Still, there is a solution to the overlap problem within this approach. For example, when the time between 
the offset of a given behavior and the onset of its next occurrence is less than twice the desired window 
(e. g., 10 seconds), then whatever time is available can be split, the first half assigned to time after the first 
behavior, the second half assigned to time before the next occurrence2. Therefore, once GSEQ has issued a 
warning that a Window variable has created overlaps, the Window variable could be coded manually so 
that the time between any overlaps is split. For instance, in the example data, given that GSEQ flagged an 
overlap for the Window variable "PREV, the variables "PREV and "FOLV were coded manually (using 
the "splitting" procedure for the one overlap) and placed in the datafile before running GSEQ Due to the 
work involved, however, this procedure would seldom be done without the aid of a computer program. 
Still, the Window command in GSEQ can be used to define the variables "PREY" and "FOLY" (i. e., 10- 
second time periods preceding and following Y) since these variables do not overlap (at least with the 10- 
second window used here). The input GSEQ command file and corresponding datafile necessary to 
conduct this "modified" analysis is shown in the Appendix. Figure I shows selected parts of output given 
by GSEQ. 
We are grateful to Dr. Roger Bakeman for pointing this out. 
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Given Target 
Y & 
PREX 0.0000 1.0000 
& 0.3725 0.6275 
Yule's a= -1.0000 
Given Target 
Y & 
x 0.2917 0.7083 
& 0.3044 0.6956 
Yule's 0= -0.0305 
Given Target 
Y & 
FOLX 0.7692 0.2308 




PREY 0.4800 0.5200 




Y 0.2121 0.7879 
& 0.2225 0.7775 
Yule's 0= -0.0305 
Given Target 
x & 
FOLY 0.0900 0.9100 
& 0.2483 0.7517 
Yule's Q= -0.5392 
Figure 1. Selected output obtained from the GSEQ program following issue of the commands and modified example data listed in the 
Appendix. Cells in the tables contain conditional probabilities. The Yule's Q statistic is shown below each table. 
Each 2x2 table in Figure I contains conditional probability data for a target behavior given a given 
behavior or created "window" variable. For instance, the table at the top left of Figure 1 shows that the 
conditional probability of Y preceding X, or p(Y-I/X), is 0.00 (i. e., the value in the top left cell of the 
table). Yule's Q for the table is - 1.00. It can therefore be stated that Y is less likely to occur preceding X. 
Looking at the middle left table in Figure 1, we can see that the conditional probability of Y during X, or 
p(Y+O/X), is 0.29 (Yule's Q= -0.03). Thus, Y is neither less nor more likely to occur during X. The 
conditional probability of Y following X, or p(Y+1/X), can be found in the bottom left table in Figure 1. 
Here, the conditional probability is 0.77 (Yule's Q=0.87). Thus, Y is more likely to occur following X. 
Interpreting these results in terms of the example behavior codes (i. e., X representing child "gaze" and Y 
representing mother "vocalize"), it appears that mother "vocalize" occurs at a lower level prior to child 
"gaze" and at a higher level following "child gaze". 
The top right table in Figure I shows that the conditional probability of X preceding Y, or p(X- 1 /Y), is 
0.48 (Yule's Q=0.66). Thus, X is more likely to occur preceding Y. The middle right table in Figure I 
shows that the conditional probability of X during Y, or p(X+O/Y), is 0.21 (Yule's Q= -0.03). Thus, X is 
neither less nor more likely to occur during Y. The bottom right table in Figure I shows that the 
conditional probability of X following Y, or p(X+I/Y), is 0.09 (Yule's Q= -0.54). Thus, X is less likely to 
occur following Y. Again, interpreting these results in terms of the example behavior codes, it appears that 
"child gaze" occurs at a higher level prior to "mother vocalize" and at a lower level following "mother 
vocalize". In summary then, the six tables presented in Figure I tell the same story (i. e., they are six views 
of the same data), specifically, that mother vocalize often followed child gaze. 
The "normalized and pooled" approach. In order to overcome some of the difficulties encountered when 
conducting the "conditional probability" approach and to provide a useful graphical aid to sequential 
analysis, a "normalized and pooled" approach is proposed. 
The method proceeds as follows. Each ith occurrence of a given behavior (e. g., X) is examined in turn, 
beginning at the 2nd occurrence of the given behavior and ending at Its penultimate occurrence. 
4 
3A 
modified version of the method first appeared in Hall and Oliver (1992). 
4The first and last occurrences of X are not included in the analysis because the number of time units 
from a previous occurrence of X to 
the first occurrence of X in the data and from last occurrence of X in the data to a following occurrence of 
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Three "periods", consisting of time units, are then imposed on the data5: Precedinp, (from the midpoint 
between the time unit following the offset of the ith- I occurrence and the time unit before the onset of the 
ith occurrence, denoted a,, to the time unit before the onset of the ith occurrence, denoted bI; During 
(from the onset of the ith occurrence, denoted 42 to its offset inclusive, denoted -b2; and 
Following (from 
the time unit following the offset of the ith occu-rr'ence, denoted 43 to the midpoinýbetween 43 and the 
time unit before the onset of the ith+ 1 occurrence, denoted b3). The third column of Figure 2 shows the 
time units for the three "periods" preceding, during and following each ith occurrence of X in the example 
data. 
Ah occurrence of X Period Time units for each period Co-occurrence of Y in each Percentiles for each period 
period 
Preceding 53-82) 
2 During 83-88) 
Following 89-90) 
Preceding 90-91) 
3 During 92-101) 100-101) 90 --), IW 
Following 102-122) 102-116) 0--*71 
Preceding 123-143) 
4 During 144-150) 150 86 ). 100 
Following 151-165) 151-165) 0 1,100 
Preceding 166-180) 
5 During 181-186) 183-186) 33 )-100 
Following 187-218) 187-204) O-j, 56 
Preceding 218-249) 
6 During 250-256) 255-256) 71 1,100 
Following 257-279) 257-268) 0--j, 52 




During 316-345) 320-336) 13--*70 
Following 346-355) 
Preceding 355-364) 
9 During 365-372) 368-372) 38--)AOO 
Following 373-388) 373-U6) 0--J, 88 
Preceding 388-403) 
10 During 404-411) 408-411) 50-000 
Following 412-434) 412-425) 0--*61 
Preceding 434-456) 
11 During 457-470) 
Following 471-489) 482-487) 58-00 
Figure 2. Time units for the three "periods" preceding, during and following each ! th occurrence of 
X, time units for the co-occurrence of Y 
in each period, and percentiles of time units for the co-occurrence of Y in each period in the example 
data- 
Next, for each ith occurrence of the given behavior, the time units at which a target behavior (e. g. 
*, 
Y) co- 
occurs in each "period" is noted. if a target behavior co-occurs in a preceding period, its "onset" time unit 
is denoted c1 and its "offset" time unit d 1. if a target behavior co-occurs in a during period, its "onset" 
time unit is denoted -c2 and its 
"offset" time unit d. Finally, if a target behavior co-occurs in a following 21 
period, its "onset" time unit is denoted c3 and its 'offset" time unit d3. The fourth column of Figure 2 
shows the time units at which the target behavior Y co-occurs in eacH of the three "periods" for each ith 
occurrence of the given behavior X in the example data. 
Because each "period" consists of differing time unit lengths, each "period" is "normalized" in order to 
produce time periods of equal length and the proportion of time units at which the target behavior co- 
occurs in each of the three "periods" of each ith occurrence of the given behavior is calculated. 
This is 
done using the following equation: 
5 
we thank Dr. Bakeman for his contribution in defining the time periods. 
351 
Appendices 
Appendix K (cont. ) 
percentiles cx - ax X 100 to 
(dx - ax) +IX 100 
(bx - ax) + (bx - ax) +I 
where x=1,2 or 3 (i. e. preceding, during and following periods respectively). 
The fifth column of Figure 2 shows the resulting percentile data for each "period" and each occurrence of 
the given behavior X in the example data. 
To illustrate, for the 3rd occurrence of X in the example data, the time units for the following period are 
102 to 122, (therefore al = 102 and bl = 122, see Figure 2, column 3). The time units at which Y co- 
occurs in the period are 102 to 116, (therefore cl = 102 and dl 116, see Figure 2, column 4). Using the 
equation above, 
percentiles = 
102 - 102 X 100 to - 
(116 - 102 )+Ix 100 0 to 71 
(122 - 102 )+1 (122 - 102 )+I 
The percentiles at which Y co-occurs in the following period are therefore 0 to 71 (i. e., Y co-occurs in the 
first 71 percentiles of the period, see Figure 2, column 5). 
In order to calculate the mean probability of a target behavior occurring at a given percentile for each 
period of the given behavior, the total number of occurrences of the target behavior occurring at each 
percentile are pooled across all occurrences of the given behavior for each period. To illustrate, in the 
example data, behavior Y co-occurs at percentile "0" in the following period of the 3rd, 4th, 5th, 6th, 9th 
and I Oth occurrences of X. The total number of pooled occurrences of Y occurring at percentile "0" of the 
following period is therefore 6. The total number of occurrences of the target behavior occurring at each 
percentile are then divided by the total number of occurrences of the given behavior considered (i. e., If X 
is nominated the given behavior in example data, the total number of occurrences of the target behavior Y 
occurring at each percentile would be divided by 10). Considering the example again, the probability of Y 
occurring at percentile "0" in the following period would thus be 0.6. 
A summary diagram of the probability of the target behavior preceding, occurring during and following 
the given behavior can now be constructed. The resulting diagrams for the example data with X as the 
given behavior and Y as the target behavior (left) and with Y as the given behavior and X as the target 
behavior (right) are shown in Figure 3. 
1 PRECEDINGI DURING I FOLLOWING PRECEDINGI DURING I FOLLOWING 
0.9 .. )C1 11c, 











0 02 0 02 
1 
cc Ir 
CL 0.1 0.1 
0 
0 25 50 75 100 25 50 75 100 25 50 75 100 0 25 50 75 100 25 50 75 100 25 50 75 100 
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Figure 3. Plot of the mean probability of Y at each percentile preceding, during and following X (left) and plot of the mean probability of 
X 
at each percentile preceding, during and following Y (right). 
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The profile on the left of Figure 3 shows that the probability of Y remains at zero preceding X, increases 
from zero to 0.6 during X and decreases from 0.6 to about 0.1 following X. The profile on the right of 
Figure 3 shows that the trend is almost the inverse of the upper panel in Figure 3. Here, the probability of 
X increases from zero to about 0.9 preceding Y, decreases from about 0.9 to about 0.1 during Y and 
continues to decrease to zero following Y. 
in order to quantify the profile in some way, a "profile score" for each period can be derived as follows. 
For each period of the profiles shown in Figure 3, the proportion of profile under the curve represents the 
probability of the target behavior occurring over that period. Similarly, the proportion of profile above the 
curve represents the probability of the target behavior not occurring over that period. For instance, for the 
preceding period of the profile in the upper panel of Figure 3, the proportion of profile under the curve is 
zero whereas the proportion of profile above the curve is 1.00. Two cells of the familiar 2x2 table for the 
period are now known (i. e., the probability of Y preceeding X and the probability of "not-Y" preceeding 
X). To complete the table, the probability Y and "not-Y" not-preceding X must be calculated. This is done 
by coding for the absence of the period "preceeding V and then conducting the normalized and pooled 
approach, nominating "not-preceeding V as the "given" behavior and Y as the "target" behavior. The 
proportion of profile under the curve over the "during" period thus represents the probability of Y not- 
preceeding X. Similarly, the proportion of profile above the curve over the "during" period represents the 
probability of "not-Y" not-preceeding X. The table is now complete. A "profile score" for the period can 
now be calculated from the probability data in the 2x2 table, for instance, by use of the formula for Yule's 
Q (see Bakeman & Quera, 1995). Profile probability data and profile scores for each period of the profiles 
shown in Figure 3 are shown in Figure 4. 
Given Target Given Target 
y & x & 
Preceding X 0.0000 1.0000 Preceding Y 0.3614 0.6386 
& 0.4465 0.5535 & 0.1708 0.8292 
Profile score = -1.0000 Profile score = 0.4663 
Given Target Given Target 
y & x & 
During X 0.3030 0.6970 During Y 0.2537 0.7463 
& 0.2430 0.7570 & 0.2288 0.7712 
Profile score = 0.1505 Profile score = 0.0680 
Given Target Given Target 
y & x & 
Following X 0.4614 0.5386 Following Y 0.0705 0.9295 
& 0.1505 0.8495 & 0.3342 0.6658 
Profile score = 0.6573 Profile score = -0.7375 
Figure 4. Profile data for each period of the profiles shown in Figure 3. Cells in the tables contain probabilities data over each period. 
Profile scores are shown below each table. 
Interpreting the results in terms of the example behavior codes, "mother vocalize" appeared to be 
presented during "child gaze" and subsequently removed following "child gaze". Conversely, "child gaze" 
appeared to be presented prior to "mother vocalize" and removed during and following "mother vocalize" 
(c. f. "conditional probability" analysis above). 
It should be stressed at this point, however, that the profile scores do not in any way determine the 
strength of a causal relationship. This Is also true of Yule's Q In the "conditional probability" analysis. 
It Is 
quite possible for instance that X and Y in the example data are the result of another 
behavior Z, with Y 
simply having a larger latency time than X. This possibility will be illustrated as 
follows. 
Suppose the observer had recorded 5 more behaviors (e. g., Z, A, B, C and D), in addition to X and 
Y. (The 
codes could represent additional behaviors of the child and/or its mother or even 
behaviors of additional 
participants). The complete data file is shown below: 
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TimedXYZABC D; 
11 
Z, 1-21) D, 7-17)X, 15-22)Y, 23-39)Z, 40-49) D, 50-58) B, 59-69)Z, 65-84)X, 83-88)A, 85-99)X, 92-101) 
Y, 100-116) B, 116-126)Z, 126-144)X, 144-150)Y, 150-165)Z, 166-182)X, 181-186)Y, 183-204)Z, 204-220) 
D, 221-225) Z, 225-252) X, 250-256) Y, 255-268) Z, 269-286) C, 282-291) Z, 292-302) X, 302-31 1) A, 309-319) X, 316-345) Y, 320- 
336) D, 337-343) Z, 344-367) X, 365-372) Y, 368-386) 13,387-392) Z, 393-406) X, 404-41 1) 
Y, 408-425) Z, 426-438) D, 439-445) Z, 445-457) X, 457-470) A, 458-468) Z, 469-481) Y, 482-487) Z, 487-507) X, 508-513) Y, 514- 
532) Z, 533-547) 
, 547)/ 
In order to determine whether Z may be associated with X and/or Y, behavior Z could be nominated the 
given behavior with behaviors X, Y, A, B, C and D nominated the target behaviors. The results of the 
analysis, using the normalized and pooled approach, are shown graphically in Figure 5. 
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Appendix K (cont. ) 
The top left profile in Figure 5 shows that the probability of X is low prior to Z, increases during Z and Is high immediately following Z, decreasing thereafter. This indicates an association between Z and X 
similar to the association between X and Y (c. f. Figure 3, upper panel). This profile can be contrasted to the profile obtained between behavior Z and behavior Y (top right of Figure 5). Here, the probability of Y decreases prior to Z, is at a low level during Z and increases following Z. This indicates that Y is most likely to occur at the midpoint between occurrences of Z. 
Profile scores for behaviors X and Y preceding, occurring during and following Z are shown in Table I 
together with profile scores for behaviors A, B, C and D preceding, occurring during and following Z. 
Table 1. Profile probability data and profile scores (given in parentheses) for each period of the profiles shown in Figure 5. 
Behavior code Preceding Z During Z Following Z 
X 0.14 (-0.24) 0.09 (-0.59) 0.38(0.66) 
Y 0.56(0.76) 0.01 (-0,97) 0.45(0.50) 
A 0.07 (-0.02) 0.00 (-1.00) 0.16(0.80) 
B 0.12(0.83) 0.02 (-0.53) 0.00 (-1.00) 
C 0.07(0.49) 0.02 (-0.60) 0.07(0.49) 
D 0.19(0.56) 0.01 (-0.93) 0.21 (0.73) 
Although the analysis is still incomplete (we have not, for instance, examined the profile with X as the 
given behavior and Z as the target behavior), the data serve to illustrate that the method is also useful i in 
more complex situations. Indeed, the method has indicated that behavior B may also be associated with Z 
(see middle right profile of Figure 5). Of course, these results do not preclude the possibility that behaviors 
X and Y could be associated with yet another event which has not been monitored. The important point to 
note here however is that associations between behaviors can be graphically displayed and quantified in a 
meaningful way. 
Discussion 
We have devised a new method for conducting sequential analysis both in an attempt to overcome some of 
the difficulties associated with conducting a "conditional probability" approach to sequential analysis and 
to provide an accessible method of sequential analysis for clinicians. Essentially, by normalizing periods of 
time prior to, during and following each occurrence of a nominated "given" behavior, the proportion of 
time units devoted to a "target" behavior can be estimated and then pooled across all occurrences of the 
it iI that the given" behavior. A summary diagram can then be constructed which represents the likelihood 
target behavior precedes, occurs concurrently with, and follows the "given" behavior. The "normalized and 
pooled" approach to sequential analysis therefore offers a relatively straightforward method of detecting 
and quantifying the temporal association between two behaviors. 
We believe that the new method has a number of benefits for clinicians. Firstly, the "normalized and 
pooled" method does not require the investigator to determine the duration of time "windows", each of 
which may affect the subsequent outcome and interpretation of the results. Secondly, because the method 
"normalizes" periods of time prior to, during and following occurrences of behaviors, the problem of 
"overlapping", "truncated" and "null" windows is avoided and hence, anomalies occurring in the analysis 
(see Bakeman & Quera, 1995). Although this problem can be corrected somewhat by "splitting" the time 
between occurrences of a given behavior when it is less than twice the desired "window" (see Appendix), 
this still requires careful manipulation of the datafile. Thirdly, the analysis summarizes the relationship 
between the two behaviors in one profile which, we believe, is intuitively appealing and easy to understand 
and interpret. Finally, elements of the profiles obtained from the method can be quantified to a "profile 
score" which can then be subjected to further analyses. 
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This method of analysis also has a number of implications for studying social interactions. For instance, 
interpreting the results of the "normalized and pooled" approach in terms of the example behavior codes, it 
could be argued that the child's behavior served to occasion the behavior of its mother (see during and following periods of Figure 3, upper panel). Conversely, it could be argued that the mother's behavior 
served to remove the child's behavior (see during and following periods of Figure 3, lower panel). If this 
interpretation is correct, it is likely that each participant in the interaction is influenced by the other's 
behavior (i. e., the child's behavior is influenced by the repeated presentation of the mother's behavior 
contingent on the child's behavior. Similarly, the mother's behavior is influenced by the repeated removal 
of the child's behavior contingent on the mother's behavior). This relationship is indicative of the notion of 
"control and counter-control" (Skinner, 1953) and "coercion" (Patterson, 1982; see also Oliver, 1995). 
An additional benefit concerns the detection of intermittent responses to behaviors. Because the method 
described here determines the relative trend of one behavior occurring prior to, during and following 
another behavior, sequences of behaviors which may occur reliably but also intermittently may also be 
detected. Thus, it is the profile that is produced from the data that may suggest a relationship between 
behaviors and not necessarily the significance of a conditional probability over its unconditional 
probability. 
One disadvantage of the "normalized and pooled" method is that the approach appears to be applicable 
only to Timed Sequential Data (TSD), (Bakeman & Quera, 1995). Thus, data collected in other formats 
are not amenable to this method of analysis. Further refinement of the methodology described here, 
perhaps for use with other data formats, would therefore be warranted. Further problems with the method 
may also need to be investigated. For instance, the consequences of analyzing datafiles with small numbers 
of "given" behaviors is unclear. We believe that datafiles containing less than 10 occurrences of a given 
behavior would be an insufficient number for analysis. (The example data contained small numbers of 
given behaviors for illustration purposes only). Further, it is unclear whether longer time periods between 
successive occurrences of events are necessarily functionally equivalent to shorter ones, as the method 
implies (i. e., periods of two time units are treated as equivalent to periods of 100 time units). Indeed, the 
method also treats each "durational" time unit as functionally equivalent. This is also true of the 
"conditional probability" approach described here. It could be argued, for instance, that the onset of a 
behavior is more important than its duration. To investigate this possibility, the method could be adapted 
so that two time periods are defined rather than three (i. e., Preceding : from the midpoint between the 
time unit following the offset of the ith- I occurrence and the time unit before the onset of the ith 
occurrence, denoted al, to the time unit before the onset of the ith occurrence, denoted bl ; and Following 
(from the onset of the-ith occurrence, denoted 42 
, 
to the midpoint between aa and the time unit before the 
onset of the ith+ I occurrence, denoted b2). 
A final point concerns under what circumstances an investigator might chose to use the "conditional 
probability" approach or the "normalized and pooled" approach. Clearly, if an investigator wanted to 
determine whether or not a target behavior was more (or less) likely to occur within x seconds of a given 
behavior, then the "conditionally probability" approach should be chosen. However, if an investigator 
wanted to determine whether or not a target behavior was either presented or removed relative to the 
occurrence of a given behavior, then the "normalized and pooled" approach should be chosen. Choosing 
the latter approach would also allow occurrences of a target behavior further removed in time from a given 
behavior to be included in the analysis. 
In summary then, the methodology described here may provide a useful additional method with which to 
study social interactions. Indeed, the method may be particularly valuable to those without the statistical 
expertise or time to do a thorough "conditional probability" analysis. To this end, a computer program to 
conduct the "normalized and pooled" approach to sequential analysis is available from the authors free of 
charge. The program requires the user's observational data to be saved in Timed Sequential Data (TSD) 
format. The user is simply required to specify the location of the data file(s) and to enter a "given" and 
"target" behavior code. The program then outputs profile data and associated profile scores. The program 
runs on an IBM-compatible PC under Windows. 
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Ap-pgndix: Modified example data and commands issued to conduct the "conditional probability" analysis 
using GSEQ. 
Timed PREX X FOLX Y; 
11 
PREX, 5-14) X, 15-22) FOLX, 23-32) Y, 23-39) PREX, 73-82) X, 83-88) FOLX, 89-90) PREX, 90-91) X, 92-101) Y, 100-116) 
FOLX, 102-111) PREX, 134-143) X, 144-150) Y, 150-165) FOLX, 151-160) PREX, 171-180) 
X, 181-186) Y, 183-204) FOLX, 187-196) PREX, 240-249) X, 250-256) Y, 255-268) FOLX, 257-266) 
PREX, 292-301) X, 302-31 1) FOLX, 312-313) PREX, 314-315) X, 316-345) Y, 320-336) FOLX, 346-355) PREX, 355-364) X, 365- 
372) Y, 368-386) FOLX, 373-382) PREX, 394-403) X, 404-41 1) Y, 408-425) 




Window PREY = (Y-1 0, (Y-1; 
Window FOLY = Y)+l, Y)+10; 
Stals CONP YULQ; 
Target Y &; 
Given PREX &; 
Target Y &; 
Given X &; 
Target Y &; 
Given FOLX &; 
Target X &; 
Given PREY &; 
Target X &; 
Given Y &; 
Target X &; 
Given FOLY &; 
End; 
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